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APPARATUS FOR OPTIMIZED ELETROTRANSFER OF NUCLEIC ACm 
VECTORS TO TISSUES IN VIVO 



FIELD OF THE INVFNTT nN] 
This invention is directed 10 remarkable enhancement of in vivo transfer into cells, 
pamcularly muscle cells, of nucleic acid vectors using weak electric fields, to increase the 
efficency of such transfers. The invention specifically relates to methods, devices, and 
compositions that effect such nucleic acid vector transfer for gene therapy. The devices of the 
invention are designed to provide an optimum voltage gradient to enhance migration of nucleic 
acid vectors into cells, without damaging the cells or tissue. Such devices are characterized by 
unique arrangements of electrodes, and by unique power limits defined by maximum voltage 
settings. 

15 BACKGROl )ND OF THF INVENTION 

Vectors and M ethods for Gene Delivery 
The transfer of genes into a given cell is at the root of gene therapy. However, one of 
the problems is to introduce a sufficient quantity of nucleic acid into the host cells to be treated. 
The gene of interest must be expressed in transfectcd cells. One of the approaches adopted in 
this connection has been the integration of nucleic acid in viral vectors, particularly in 
retroviruses, adenoviruses, or adeno-associated viruses. These systems take advantage of the 
cell penetration mechanisms developed by the viruses, as well as their protection against 
degradation. However, this approach presents problems. One is a risk of production of 
infectious viral panicles susceptible to dissemination in the host organism and. in the case of 
retroviral vectors, a risk of insertions mutagenesis. Furthermore, the insertion capacity of a 
therapeutic or vaccine gene in a viral genome remains limited. Finally, immune responses are 
often generated against viral vectors, which makes re-administration of the virus ineffective 
because of immune clearance, and may also result in inflammation. 

Another approach (Wolf et al., Science 247, 1465-68, 1990; Davis et al„ Proc. Natl. 
Acad. Sci. USA 93. 7213-18. 1996; US Patent No. 5,580.859 to Feigner et al.) involves 
administering into the muscle or blood stream a plasmid-rype nucleic acid, whether linked or not 
to compounds intended to facilitate its transfection, like proteins, liposomes, charged lipids or 
cationic polymers, such as polyethylenimine. which are good in vitro transfection agents (Behr 
et al., Proc. Natl. Acad. Sci. USA 86. 6982-6, 1989; Feigner et al.. Proc. Natl. Acad. Sci. USA 
35 84, 7413-7. 1987; Boussif et al.. Proc. Natl. Acad. Sci. USA 92, 7297-301. 1995; US Patent 
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5,676,954 and EP Patent 425 475). 

As far as the muscle is concerned, smce the original publication of Wolff et al supra. 
showing the capacity of the muscular nssue to incorporate DNA injected in free plasmid form 
numerous invesdgators have tned to enhance this process (Manthorpe et al. 1993, Human Gene 
The, 4, 419-431; Wolff et al., 1991, BioTechniques 1 1 , 474-485). Cenatn trends have emerged 
from these tests , notably: 

• the use of mechanical solutions to force entry of DNA into the cells, by adsorbing the DNA 
on balls then propelled on the tissues ("gene gun") (Sanders Williams et aJ 1991 Proc 
Natl. Acad. Sci. USA 88, 2726-2730; Fynan et al., 1993, BioTechniques 11, 474-485) 
These processes have proven effective in vaccination strategies, but touch only the 
superficial tissue layers. In the case of the muscle, their use would necessitate a surgical 
approach in order to afford access to the muscles, for the partic.es do not cross the cutaneous 
tissues; 

• the injection of DNA, no longer in free plasmid form, but linked to molecules capable of 
serving as vehicle facilitating entry of the complexes into the cells. The cationic lipids used 
m numerous other transection processes have up to now turned out to be disappointing in 
their application to muscle, for those which have been tested have proven to inhibit 
transection (Schwartz et al.. 1996. Gene Ther., 405-41 1). The same is tme for cationic 
peptides and polymers (Manthorpe et al., 1993. Human Gene Ther. 4, 419-431). The only 
case of favorable combination seems to be the polyvinyl alcohol or polyvinylpyrrolidone 
mixture with DNA. The resulting increase of these combinations represents only a factor of 
less than 10 m relation to the bare injected DNA (Mumper et al., 1996, Pharmaceutical 
Research 13, 701-709); 

pretreatment of the tissue to be injected with solutions intended to enhance DNA diffusion 
and/or stability (Davis et al., 1993, Hum. Gene Ther. 4, 151-159) or to favor the entry of 
nucleic acids, e.g. . the induction of cell multiplication or regeneration phenomena. The 
treatments have concerned, in particular, the use of local anesthetics or cardiotoxin, 
vasoconstrictors, endotoxin or other molecules (Manthorpe et al.. 1993. Human Gene Ther 
4, 4,9-431; Danko et al., 1994, Gene Ther. 1, 114-121; Vitadello et al., 1994, Hum. Gene 
Ther. 5. 11-18). These pretreatment protocols are difficult to manage. Bup.vacaine. in 
particular, must be used at very close to lethal doses in order to be effective. The pre- 
lection of hyperosmotic sucrose, intended to enhance diffusion, does not increase the level 
of transfection in the muscle (Davis et al., 1993). 

Other tissues have been transfected in w W either by using plasmid DNA alone, or by 
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^ene Iherapy 6, 1129). The prmapal t.ssues studied were the liver the r,™ 

do e[ 31 ■ uyyo). Human Gene Theranv 7 onn ,nu . 

nerapy 7, 901 ), although some encouraging results have 
recently been presented for pi asm id DN A transfer in ,h* , 

UWAtransf er in the vascular wall (Iires et al. (1996) 
Human Oene Therapy 7 , 959 . d 989 , h ^ ^ ^ rf / 

« « . , .mors (S chwan z el al. l 99 , Gene ^ 3 ^ Lu ^ ~ 

10 Therapy 1, 245; Son et al., Proc. Natl. Acad. Sci. USA 91, 12669). 

aggiroBoration and i nntophorps; , fnr n _ 

Eiectroporat.on, or the use of electric fields to permeable cells, is com m on,y used in 
vuro to promote DNA transfection in culture cells Thk nh 
i<; ,1, u , wuiureceus. Thjs phenomenon depends on achieving a 

was .so propo!ed „ „ V0 in ^ ,„ the cffic>cy rf J= 

< 00 ^ eleanccondltions (eoo K , J «■ 

■0 .- nm c e , Uart ^ rofsmalImoteulK mesecondjijom J ~ 

" aPP " ed W " h "' •*—» «"> *• «*e ,ci d ^ imo „. , iver „ here * 

«~ ^oo ^ ^ KIa „ y ,„ eftoive Md even ^ b * 

» ~ of ^ puIses (p „ en , WQ 97/07826 ^ Hdier k ^ ^ ^ 3 

5 Th.. .ectai,,* prese „ c diffal , fo , moreove , for ,, „„ 

I*--*. - Wd. o, such inlc „, ly cm caose eMnsive Lssue ]s ,_ 
^ a. „o, a proMem ta „. malmem „ , umo „ h cmccr n ^ « 

^ „„c lei c add , s admi . s , md „, o dsMes ^ |umof ™- 
particular, into the striated muscle. 

T^ere are three basic types of systems utilized to adm^ster electnc pulses for 
^ectroporauon and ,ontophores, : external elects, „,ema) elecodes (includtng camete.) 
and combmed external and internal electrodes. 
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External Electrodes 

In one type of device, electrodes are positioned externally with respect to the patient. See, 
for example, US Patent Nos. 5,318,514 to Hofmann; 5,439,440 to Hofmann; 5,462,520 to 
Hofmann; 5,464,386 to Hofmann; 5,688.233 to Hofmann et ah; and 5,019,034 to Weaver et al.; 
the disclosures of which are incorporated herein by reference. With an external electrode device, 
the electrodes are in contact with a surface tissue region of a patient. The device can be used non- 
invasively by applying the electrodes to the skin of the patient or invasively by applying the 
electrodes to the surface of an organ that has been exposed surgically. 

The Hofmann '514 patent discloses a device that is used to implant macromolecuJes such 
as genes, DNA or pharmaceuticals into a preselected surface tissue region of a patient. The 
device has a head assembly which includes, in a first embodiment, a serpentine conductor 
positioned on an open-pore elastomer, both of which are carried on a generally planar support 
member. Adjacent parallel segments of the serpentine conductor serve as electrodes. To 
administer electric pulses to the patient, the head assembly is placed in contact with the 
1 5 preselected surface tissue region of the patient, placing the conductor in contact with the skin. A 
liquid medium carrying the macromolecules is transferred to the skin of the patient by delivery to 
the elastomer of the liquid which is absorbed or soaked up by the elastomer. A switch is then 
engaged to deliver a high voltage pulse from a signal generator to the electrodes, causing an 
electric field to be generated across the electrodes. The depth of the electric field into the skin is 
proportional to the gap between the electrodes. The electric field injects the liquid into the tissue 
region. 

In an alternative embodiment, the head assembly includes a plurality of fine needles 
extending generally perpendicular to the planar support member. The needles are arranged in 
rows and are connected alternatively to the output of the signal generator so that each needle is 
25 adjacent another needle of opposite polarity. The needles penetrate the outer most layers of skin 
cells and facilitate the administration of the electric pulses into the target area. 

The Hofmann '440 patent discloses an apparatus which includes adjustably spaced 
electrodes for generating an electric field. The electrodes are mounted on a moveable linkage so 
that the electrodes can be manipulated by the user to move toward and away from one another like 
the jaws of a clamp. In operation, the electrode jaws are opened and a selected tissue to be treated 
is gripped between the electrode jaws. A signal generator connected to the electrodes is operated 
by a suitable switching device to generate the electnc fields in the tissue between the electrodes. 
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Internal Electrodes 

A second type of electrotransfer system utilizes implantable or msertable electees wfcch 
ar, placed inside the patient to deliver an electric field to the area adjacent to the 
-pianted/insened electrode. See, for example. US Patent Nos. 5,304.120 to Crandell et ai • 
> 5,507,724 to Hofmann et ai, 5,501 ,662 to Hofmann; 5.702.359 to Hofmann et al, and 5 273 525 
io Hofmann; the disclosures of which are incorporated herein by reference 

The Grande,, '120 paten[ diseases a catheter that is inserted into a selected bicod vessel 
of a patient. The catheter includes a plurality of ^ extending> droumf 
electrode, that are placed in contact with the inner wall of the blood vessel. A liquid medium 
containing the macremolecules is then infused into the blood vessel adjacent the electees and the 
Cectrodes are energized to apply the predetermined electrical signal for efcetnotnansfer The 
spaced electrodes can be serpentine or parallel stnps which are energized to create the desired 
electric field. 

The Hofmann 724 patent « another example of a catheter- based electrotransfer device 
having spaced apan electrodes which are positioned on the outside of a catheter that « inserted 
into a blood vessel to contact the wall of the vessel to be treated. 

The Hofmann '662 patent discloses a pair of spaced apart electrodes mounted with* a 
cylindrical dielectric came. The electrodes are positioned around the center of the blood vesse. a 
predetermined uniform distance apart from each other and near the center of the vessel so that 
blood flowing in the vessel passes between the electrodes. The cylindrical dielectric carrier is 
-planted surgically within a surrounding blood vessel. A predetermined electrical signal ts 
apphed to the electrode, ,o create electric f.elds in the blood flovWng between the electrodes 

The Hofmann '525 patent discloses a dual-needle synnge in which the needles serve as the 
electrodes for carrying out the electee, Once the needles have been inserted into the target 
area, an e.ectncal signal is applied to the electees to direct the electric field to the target area 
The Hofmann '359 patent discloses also needle-based electrodes used for electrotransfer. 

Combined External and Internal Electrodes 
A third type of electrotransfer device combines features of the above-mentioned svstems 
These devices utilize at least one internally placed electrode and at least one externally placed ' 
electrode to deliver the electric field to the desired tissue area. See, for example, US Patent No 
5,286,254 to Shapland et al, 5,499.971 to Shapland et al, 5.498,238 to Shapland et al ■ 
5.282.85 to Shapland et ai, and 5.628,730 to Shapland et al.; the disclosures of which are 
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incorporated herein by reference. 

Typical of these devices is the one described in the ShapJand 785 patent which discloses 
catheter having a drug chamber with a drug delivery wal] (for example, a wall made of permeable 
or semipermeable material which can pass drugs or other macromolecules therethrough) and an 
electrode located inside of the catheter in an opposed relation to the drug delivery wall. A second 
electrode is located at a remote site on a patient's sJan. A liquid containing desired 
macromolecules is delivered to the drug chamber to be placed in the electric field generated 
between the two electrodes when they are provided with current. In this manner, the 
macromolecules are delivered to the target area. 

Other features are disclosed in the above-mentioned patents, including: reversing the 
polanty of the electrodes to drive excess macromolecules in a direction opposite to that used for 
delivery (for example, the Shapland '238 and the Shapland 785 patents); systems for 
synchronizing the delivery of the current to the electrodes with the ventricular depolarization of the 
heart to avoid electrically induced arrhythmias or unnatural heart rhythms (for example, US 
Patent Nos. 5,236,413 and 5,425,703 to Feiring and Patent No. 5,634.899 to Shapland); and 
using an ultrasonic piezoelectric transducer instead of electrodes to generate sound waves as the 
dnving force for macromolecule delivery, known as phonophoreseis (for example, the Shapland 
'238 and the Shapland 730 patents). 
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SUMMARY OF T HE INVENTION 

While all the studies cited mention the need for elevated electric fields, in the order of 
1.000 volts/cm, to be effective in vivo, most unexpectedly and remarkably the applicants have 
now shown that in vtvo nucleic acid transfer into tissues is very substantially increased without 
untoward effects, by subjecting the tissue to electric pulses of low intensity (less than 600 
volts/cm), e.g., of 100 to 200 volts/cm, and of relatively long duration. Furthermore, the 
applicants discovered that the wide variability of plasmid-carried transgene expression observed 
in the prior art of DN A transfer into the muscle was notably reduced by the process according to 
the invention. 

Accordingly, this invention concerns a process and device for nucleic acid transfer into 
tissues in vivo, e.g. , one or more striated muscles or tumors, in which the tissue cells are brought 
in contact with the nucleic acid to be transferred by direct administration into the tissue or by 
topical or systemic administration, and in wh.ch transfer is ensured by application to the tissues 
of one or more electric pulses of intensity ranging between 1 and 400 volts/cm for muscle, and 1 
and 600 volts/cm for tissues such as tumors. 
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Accordingly, the present invention provides a system, such as an Impro ved apparatus 
for „ v/vo nucleic acid transfer in to cells of multicellular eukaryotic organisms, in which the " 
ussue cells are brought m contact with the nucleic add to be transferred by direct adm^tion 
-nto the ..sue or by topical or systemic administration, and in which transfer is ensured by 
apphcaticn to the tissue of one or more electric puises delivered by an apparatus of the invention 
set to provide the specified intensity. In panicular, the electric field strength can range between 
1 and 600 volts/cm for delivery of a nuclei acid to tumor cells, and between 1 and 400 vo,ts/cm 
for dehvery of a nucleic acid to muscle ce.ls. The system (or apparatus) of the invention 
compnses an electrical pulse generator (or means for generating an electrical pulse), wherein the 
electrical pulse generator produces electric pulses with puise times of greater than 1 millisecond 
and of .tensity ranging between 1 and 400 or 600 volts/cm at a frequency of between 0 1 and 
1 000 H 2 ; and electrodes connected to the electrical pulse generator for generating an electric 
field m a tissue in v,Vo in contact with the electrodes. In a specific embodiment, the electrical 
pulse generator produces pulse of intensity ranging between 30 and 300 vols/cm (for transfer 
into muscle) and between 400 and 600 V/cm for transfer into tumor cells and other small cells 
In another specific embodiment, the electrical puise generator produces puise times of greater 
than 10 milliseconds. In still another specific embodiment, the electrical pulse generator 
produces between 2 and 1000 pulses. 

According to the invention, the system or improved apparatus electrical pulse generator 
can produce pulses irregularly in relation to one another, whereby a function describing the 
intensity of the field dependent on time of an pulse ,s variable, with the proviso that at no time 
does the system or apparatus suppiy an electric field greater (or less) than the parameters set 
forth above. For example, the integral of the function describing vanauon of the electnc field 
with lime can exceed 1 kVmsec/cm; and in a further embodiment exceeds or is equal to 5 
25 kV»msec/cm. 

The electrical pulse generator (puise generating means) can produce pulses selected 
from the group consisting of square-wave pulses, exponential decay waves. oscillating unipolar 
waves of limited duration, and oscillating bipolar waves of li m itcd duration. Preferably the 
electrical pulse generator produces square-wave pulses. 
30 Various electrode configurations are contemplated by the invenuon. For example the 

electrode can be an externa, electrode for placement on a tissue to be treated e g for 
transferring nucleic acids into cells of a surface tissue of a subject. Alternatively, the Strode 
can be an internal electrode or tissue penetrating electrode, which is implantable in a tissue to be 
treated. Such an internal electrode can be a needle, and may be configured as an injector system 
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making possible the simultaneous administration of nucleic acids and of the electric field. In 
another embodiment, the invention provides both an external electrode and an internal electrode. 

An external electrode of the invention can be dimensioned to contact an external 
portion of a subjects body in close proximity to a large muscle. In a specific embodiment, such 
an electrode is a fiat plate electrode; in another embodiment, it is a semi-cylindrical plate 
electrode. 

In still another embodiment, the an electrode is an intra-arterial or intravenous electrode, 
for example a flexible catheter apparatus modified according to the invention. 

The preferred material for an electrode of the invention is stainless steel. 
The improved apparatus of the invention can be produced by modifying prior art 
devices, and particularly the means for generating an electric field of such devices, to generate 
an electric field of the invents. For example, the means for generating an electric pulse can be 
adapted to produce pulses ranging between 1 and 400 or 600 volts/cm by modifying the voltage 
gate not to exceed a voltage corresponding to 400 or 600 volts/cm. In a specific embodiment of 
such a modified device, the voltage can be set at a constant voltage and the electrodes can be set 
at a constant spacing distance. Alternatively, the means for generating an electric pulse can be 
adapted to produce pulses ranging between 1 and 400 or 600 volts/cm by labeling the device not 
to exceed a voltage corresponding to 400 or 600 volts/cm. 

Thus, an object of the invent.on is to provide a system, or improve existing devices, to 
supply an electric field having a voltage gradient, pulse width, and number of pulses that have 
been found to be optimum for transfer of nucleic acids without damaging tissue. 

A particular object of the invention is to provide for electrotransf er of nucleic acids 
under milder and less damaging conditions that are used for electroporation (wiLh voltage 
gradients exceeding 600. and usually exceeding 1000, volts/cm). 

Still another particular object of the invention is to provide for much more effective 
intracellular delivery of nucleic acids than can be achieved under the very low strength electric 
fields employed for iontophoresis. 

Yet another advantage of the invention is to provide for efficient, reproducible delivery 
of nucleic acids to muscle cells. 

These and other objects of the invention have been achieved as set forth above, and as 
described in greater detail in the Detailed Description of the Invention, as well as in the 
Examples with the accompanying drawings. 
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FIGURE 1 : Effects of electric p ul ses of high field ..ens.ty on me ^ . f 
piasmid DNA P XL2774 in t he cramal Ubi-1 muscle i„ the mo 

FIGURF > p ff , : ^ VaIues ±SEM ' 

FIGURE 5: EfTeaive^ ot e lOTmsfer o( pUsmid DNA 
.bu. »«■. o, ,h e mousc ., , ow elec , ric ficW imensi[jes; ^ vjte ± 

• FIGURE 6: K,„ elics „, „ pressl0n of luciw m ^ ^ 

MOURE 9: Kinetics of serum concentration of secreted alt^H™ k u 

of piasmid P XL3010 with (.) et without (♦, elects IT ' 

^' electrotransfer; average values + SEM. 

FIGURE 10: K.et.cs of expression of aFGF in muscle with (open histogram bars) or 
without (solid h>stogram bars) electrotransfcr. 

FIGURE 1 1 : Map of plasmids pXL3179 and P XL3212. 
FIGURE 12: Map of plasm.ds pXL3388 and pXL3031. 
FIGURE 13: Map of plasmids pXL3004 and pXL3010. 
FIGURE 14: Map of plasmids pXU]49 ^ pXL3m 

FIGURE 15: Map of plasmids P XL3353 and P XL3354. 
FIGURE 16: Map of piasmid P XL3348. 

^^^^^ 

aod transfer ln to tissues by subjecting * e Ussue to electric pulses of low intensity For 
—for in « 0 tumc, and less than 400 volts/cm. and preferably, 100 to 200 volts/cm for 
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process a ccor di „, ,o *. invent Fma ,,, , has ^ ^ 

5 period of ume.e.r..s r eai e r than 60 H,,« i 

de.ec.ed « davs. ^ " ' """ «* ^ ■ « 

As can be read lly de,e™„ed frore „, d escrip„o„ p„ vi ded herei, App „ canB have 
PP-pna.e , Mative lem ^ here* „ crowed- Bo* „, ^e .errns dis.^n 

greau, «,»„ 800 V/on) md .on.ophoresis (usinJ veiy ^ ^ ^ ^ 
Acco^lv. .his m ve„,io„ conce™ presses, svs.ems and devices ,„ 

*. — ce„s are bro og „, h Mut , Wllh Ule „ uc , cic >cid , o ^ irmsfcmd diren 

appiica.ion ,o said of one or TO re e tari c pnfses o ( mmsi , ^len 

» Accord^ ,o one prefe™, cnbodimen, .he process of .he invent is apphed lo 

™» ce„s have P a rt c„W g eom., n e, Kk ,. ,„ e)tamp| , ^ of J 

Ue in^* of One f.e.d P re,e ra b, v ra „ e es b.„vee„ 4 and ,00 voUs/cm ,„ r ™sc le Md 

ZT 77? " d ,0,a ' dora,,on ° f ' ' 

■rcecUnd „ 1 0 msec. ,„ sped „ c e xamples , fc ,o, al durali o„ ,s 8 m5 ec or ,o„ e er in 
»*. rofe ^^^^^^ J e 

fo»d .obeeffec™. T,e n umb e, of p uke s nsed. is. forcrep.e. , rom f „ f.ooo^ 

ri : ^ " 4 m 2 °' - - ■»*• '-^ - 

i 3 Z H ^ PrKiSdy te ™ een °' 2 ^ ,0 ° * ^ «*""»«. 

. e u„a,„„ descnb,„ S „e ^ „, „ e ,ie,d dep,„de m on to e can be va riabl e. 

of , h , f m „o„ d«c ri b tog fhe variallon of lhe e| „ lric fe|d [rae b greaier ^ j »*■' 
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or equal to 5 kV-msec/cm. However, it shouJd be noted, as one of ordinary skill in the an can 
readily appreciate, that this integrated function must be achieved at the sub-electrophoretic 
voltages described supra. 

In a specific example, which represents a departure from the invention, the device of the 
5 invention can supply a combination of at least one higher voltage pulse (greater than 400 V/cm, 
and preferably between 500 and 800 V/cm) for short duration (less than 1 msec), followed by 
one or more longer pulses (greater than 1 msec) at much lower electric field strength (less than 
200 V/cm). 

According to one preferred embodiment of the invention, the field intensity of the pulses 
10 ranges between 30 and 300 volts/cm. 

The electric pulses are chosen among square-wave pulses, the electric fields generating 
exponential decay waves, oscillating unipolar waves of limited duration, oscillating bipolar 
• waves of limited duration or other wave-forms. According to a preferred embodiment of the 
invention, the electric pulses are square wave pulses. 

The administration of electric pulses can be carried out by any method known in the art, 

e.g.: 

• system of external electrodes placed on both sides of the tissue to be treated, notably, 
noninvasive electrodes placed in contact with the skin, 
system of electrodes implanted in the tissues, 

• electrodes/injector system making possible the simultaneous administration of nucleic acids 
and of the electric field. 

For administration being carried out in vivo, it is sometimes necessary to resort to 
intermediate products ensuring electric continuity with noninvasive external electrodes. It will, 
for example, involve an electrolyte in gel form. Examples of appropriate gels include gels used 
in the Examples, infra, as well as gels commonly used in medicine to enhance electrical 
contacts, such as for electrocardiograms or defibrillators. 

Nucleic acids can be administered by any appropriate means, but are preferably injected 
in vivo directly into the tissues or administered by another route, local or systemic, which makes 
them available on the site of application of the electric field. The nucleic acids can be 
administered with agents permitting or facilitating transfer, as previously mentioned. Those 
nucleic acids can, notably, be free in solution or linked to synthetic agents or carried by viral 
vectors. The synthetic agents can be lipids or polymers known to the expert, or even targeting 
elements making possible fixation on the membrane of the target tissues. Among those 
elements, vectors carrying sugars, peptides, antibodies, receptors, and ligands, can be 
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mentioned. 

U* conceive. «^ tee of ^ mveniion ^ a 

^ ac, s « pre « d , te si „,„, ta „_ or eve „ (oI]ow ^ - 

~> administered. 

This ™„,i„„ „ so ^ , „ uc|ejc ^ ^ f 

s.p.ra. „ r nme . sus8efed ,, „„ adminisiration mimma| 

particular, into human cells. The intend n f r ,a , 
, Ul "c intensity of the f,eld preferably ranges between 4 and 400 

' volts/cm and, even more Dreferahlv th a • * 

Preferably, the field intense ranges between 30 and 300 voUs/cm for 

PJO,*. , preferIed etoric feld ^ js m m v/cm 

« s%) v*. . As _ te readily lpprMlatcd _ rf - » 

«* a «,„ es . nuclek acid , ^ ^ J ^ - 

„ f etorie mi . b add „ io „ ^ ^ ^ ^ ^ ^ J - 

«*»««. fa* to „o Ureel lissu , „ hich is i0 toljon n ^ ■ 
e.«Topho ra ,s i„ ,„ agaro* gel or 01her , abcamry 

EtectmmiKfrr.'Wm. , r H 'i-p-^,,,- 
The p™^ co m p« of any eteroIn|n5fer sys , em (£ e _ apparaius ^ 

■™ » «d h erei „ ,„,e reh „ 8elbly) consisl of „ ^ ^ ncraK>r 
™*r- ,o p,v, d e pute „ t „o m „™ ta m V/OT . and „ A ^ Jj;' 

, e ,„ve„„„„ , or dellveo , „ t a mcte acid specif 10 muBcle provjdes puIses » 
, .n ,00 vCs,™. Na, u „„, a. ^ vo „ age ^ on ^ ^ "» 

*e ^a, lissU e. Ac^ s , y . te ac , ual voltase applied wj „ ^ 
o ,a, ^ md ^ te I0IaJ ^ , kept ^ arapiabiE ievejs ^ _ « 

P.mc„,.H y ussue burafag ^ r„ u , . . prefOTed Kpect , he appafaim of ^ ' 

co n .o t f „ accp,^ cum „, by fixing vokage „ d eleclr(j< , e ^ ^ ^ 
»-» ,o Pre ve„, app lyi „ 8 lcc Wgh . votoge (or ^ djsMce ^ ^ decnDde ^ ^ 
«» ™ch « A , ysKm * lhe mve „,, on ^ ^ osa , |oscope or ^ 
device to monitor voltage, current, or both. 
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In one embodiment, the system of the invention is prepared using commercially 
available equipment. Preferably, such equipment is modified to provide the specific 
electrotransfer conditions deftned herein as optimal. In another embodiment, a new apparatus is 
designed and built to achieve the objectives of the invention. Design specifications of the 
modified or built pulse generator include, but are by no means limited to. incorporation of a 
mechanical or electrical controller to maintain the desired voltage gradient. Le., less than 600 or 
400 V/cm. and preferably less than 200 V/cm for administration to muscle. A mechanical 
control could include, for example, a stop on the voltage selection dial that prevents selection of 
a voltage that would yield too high an electric field. Alternatively, the device can be built or 
modified to that such voltages cannot be selected. In still another embodiment, the device can 
include a breaker or fuse that will trip when the voltage (and thus current) exceeds the 
parameters of the invention. In yet another embodiment, microprocessor controls can prevent or 
override selection of too great a voltage. In still another embodiment, a pulse generator is 
modified simply by applying a label directing use of a particular voltage range that provides the 
electric field strength of the invention. All of these modifications are routine in the art. and 
employ standard electrical and mechanical technologies. 

As mentioned above, the actual voltage delivered by a system of the invention to 
achieve the electric field strength defined herein as optimal will depend, in part, on the electrode 
spacing. If the electrodes are spaced apart in a fixed manner, then the voltage (for a defined 
tissue, e.g. , muscle, liver, heart, or a tumor) may be a pre-defined constant. However, if it is 
desirable to provided for varying the spacing of the electrodes, then the voltage may have to be 
adjusted to maintain a constant voltage gradient. This can be determined by measuring the 
distance between the electrodes, by including measuring means on the electrodes that provides a 
value for their spacing after adjustment, or by automated measuring means that feedback to the 
pulse generator to automatically provide the correct voltage (see US Patent 5.439,440 to 
Hofmann). 

The following sections more fully describe pulse generators, electrodes, and devices of 
the prior art that can be modified in accordance with the invention. 

Pulse Generators 

Pulse generators (also termed "voltage generators" and "pulse or voltage generating 
means") are electrical devices that produce a current of defined voltage, duration, pulse width, 
duty cycle (the total time of the pulsing and resting), and pulse frequency. Such devices are well 
known in the art. and include commercially available pulse generators such as the ELECTRO 
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CELL MANIPULATOR Model ECM 600, T800L and T820 voltage generators available from 
the BTX Instruments Division of Genetronics, Inc. of San Diego, California, eg as described 
in US Paten. No. 5,704.908, which is incorporated herein by reference in its entirety 
Altematively.thepulsegeneratorcanbeanElectropulsatorPS 15. available from Jouan France 
5 as disclosed in the Examples, infra. In still another embodiment, a voltage generator that can ' 
produce one or more of the wave forms described in US Patent No. 5,634 899 which is 
-ncorporated herein by reference in its entirety, can be used. The voltage can be designed to 
generate pulses of variable shape, intensity, and duration. For example, a pulse of 200 V/cm or 
400 V/cm. 5-20 msec, could be followed by a lower intensity, longer pulse. The device could 
further supply iontophoretic electric fields in combination with electric fields of the invention 

A pulse generator of the invention will have the following specifications- 
• generate voltage gradients of between 1 and 600 or 400 V/cm; preferably between 4 and 400 
V/cm; more preferably between 30 and 300 V/cm. Specific voltage gradients contemplated 
for a dev.ce of the invention f or electrotransfer into muscle are about 100 V/cm and 200 
V/cm; preferably less than 200 V/cm. For electrotranfer into tumor cells or similar cells an 
electric field of 400-600 V/cm. and optimally about 500 V/cm. has unexpectedly been found 
to be preferred. 

• pulse frequencies of 0.1 to 1.000 hertz (Hz); in a specific embodiment, the frequency is 
about 2 Hz or greater, up to 10 Hz; preferably greater than 1 Hz. In a preferred embodiment. 

*v the frequency is 3 or 4 Hz. 

• pulse time (duration) greater than 1 millisecond (msec), with variable duty times; preferably 
the pulse time is greater than 5 msec; more preferably greater than 10 msec; and more 
preferably still greater than 20 msec. 

In a preferred aspect, the pulse generator of the invention produces at least two and 
25 preferably four, six or eight pulses. It can produce, for example, between 8 and 1 000 pulses 
The pulse generator should permit an override or cut-off if the patient begins to experience an 
adverse event or the electric field strength is out of control. Such an override could be manual 
or automatic, or both. 

It should be apparent to one of the ordinary skill » the art that pulses can be generated 
30 by an external signal, such as another device, a computer, etc. For example, for delivery of a 
nuclei acid to cardiac tissue, the pulse generator will optimally interface with the subject's 
electrocardiogram so that pulses are synchronized with the heart bea, Such a system preferably 
include, active P acng of the subject's cardiac rhythm, e.g. with a pacemaker (see US Patent No 
5.634,899 to Shapland). 
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Electrodes 

The electrodes of the invention provide the electric fi.M ■ u . 

An ejeoro* , " eea " Ve Ch " 8e ' wi " m ° ve "-rt -no* 

in . Jf andnon - toxlCun der the conditions used. SDecificallv a „ 

10 electrode for interna] use should not react with ■, specifically, an 

not react with biological materials to any anoreriahio 

-void oxida.ion to ^ etorode effidency A J ""j" " ^ <* » 

- ta-d. » sui in lc s s slee , whlcn „ (al ' ""'^ ""-»' *«— - - 

etarickv ,„h • »«-r=,c,e. rea^t,,,, effide „, for 

electrodes are verv exnon^n tk. ^ , »uuie metal 

Kin™ ., C ° ndUCUVeme,aki " d *^"nvero rsi ,ver <: h,„ rt d«,,i„ nick,, 

20 '"<lmm,w a m l , m ,» dcen , infom)so(carbon "icon™. 

■ncWing.wuhouilimi.auon.siraish, wires oiwi., , - t «"■»"». 
US Pa.en, No 5 704 «n < " °' ba "°°" calheIers ' s « 

electrode and a surface electrode- anH n. Jt electrode, (2) a catheter 

30 , - r ^ aceeIectf0de .^ (3) a needle electrode and a surf ace electrode In a 
30 specific embodiment, a needle electrodP r»„ k- • 111 a 

eeaie electrode can be used with a syringe to deliver DMA <: u 

needle electrode can have holes through the length of it, h I SuCh 3 

uusii me length of its shaft to permit deliwrv r>f th„ „ i • 

acid solution throughout its length ForH.r , P^' ^livery of the nucleic 

u- . Surface electrodes are preferably used in 

combination w th an electrolvtirrnm^c. .- x a m 

35 lhr n hh CCOmp ° S,tl0n,oensur ^ood contact and conductances 

35 through the skin, as described above. * ' 
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In » specific embodimem having „ ne ^ eleatMe 
***** cn nave ^ ., he>ds .. plaeed ~. - M 

The invention further contemplates arrays of electron ^, 

con^ lne ^ lro l 0 „ J" ~ "»° ' - -0- 

» As set fonh above for needie elec.rodes. plare elects „„ ,„ ■ ■ 

Generaiiy. fte eiearodes are .™,« d S0 L, " """"^ ^"^ ""*'»■ 

1*- way. *e „„c,eic acids are s-ec , 0 " — " *«* 

n* , ,„ *. r,it ~ s,rens *- Howver ' *- "» 

Modified Devices of the Prior Art 

™e improved appar,,^ 1» " 7"" " ^ ~ - - 

PP ■«canbe u sed„o„-„vas TO l y by applying ine eiearodes ,o ihe skin of 

electee, partly a catheter e.ectr ode e ^ ^ ^ " 

r ^ „ , ' ° r exam P ]e - US Patent Nos. 5 304 120 to 

Crandell et al, 5,507,724 to Hofm ann « al ■ 5 501 662 ,n Hrtf , , 

al ' and 5 273 52S ,„ h f , Hofmann; 5,702.359 to Hofmann et 

ii., ana o,^/j,525 to Hofmann) can be modify ;„ - _. 

™ld - proved ,pp aralw of , c bv ;r ' PreSM ' » 

Naturally, an electrotransfer device that ™ m k- 

craevice that combines features of the above-mentinnpH 
s s,e» ,,, UIllra al ieas, one .n.ernaily placed ^ md „ ™ 
placed electrode to deliver the electric fiPlH,o,K ^ ■ one externally 

Patent No 5 286 254 , ,H ^ ^ f ° f ^ 

ratent ino. 5,286,254 to Shaplandetal.; 5 499 971 tn ^h, i ^ , 

^W.971 to Shapland et al.; 5,498,238 to Shapland et 
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al.; 5,282,785 to Shaped et al, and 5,628,730 to Shapland et aJ)can be m nHr„ ■ 

gent Therapy l Mn, An <, V 5 ,. r 

The process ^cording ,„ lhjs jnveniion a 

*** - — „ . 6ene , bw ^ Ae m ,:; o ;:xrc; 

* poss.ble to ensure , realmen , 0 , . pmiajh[ paiho|osy 

—es. organ, „ ^ by mphJ , „_ ropWc ^ ^ « - 

inflammatory factors produced by the 

-ch as the pro d„c, Q , ^ , Ke , f ([or „ ampfe tmM ^ ^ £ 

O orsuch as an , clive mMm ^ ^ ^ ^» 

Sene e.g., ,o correct a genetic disease by secret™ of . ^ 

• del '^<''»'»-- g e„e S s U cha s ,„™ rsupp ^ tetaob]asioma ^ 

as BAX, .ntracellularsingle chain antibodies. md immunostimtuatory 6 

• a »«'e.e acid vaccine orimmmoslimulan, gene 

The particular advantage of use of electrotnmsfer in gene Iheraov f„ 
by expression in ». muscle resides „ numerous (acI0 „. 8 "" ' "—° 

• *e nemadcaole -U* „ ( transgene expression, ending seve ra , months and Aerefore 
^ P-bl, the s,.b,e and sustained prCucon „, ,„ m „r or secreted 
therapeutic protein, 

• -he ease o, access to *e musclar .issue. ma^g ^ible direct, rapid and safe 

administration in a nonvital organ, 

• ^ ** »*"» of uhe muscular mass. „ &f ^ibie multiple 
■he amply demonstrated secretory capaetty of the muscle 

nhc use of 1 " """ ""^ * * <°«' «*W wid, 

the use of local and targeted electric fields. 
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W«h to s, fe[y a.socia.ed .io, a* o, we* fle|ds ^ ^ 

.hoc** < se , Us Palem No . 5 . 6J4 8W) „ codd a|so ^ app]jed ^ ^ [reatm ^ 
r K1 »„ si s by „. expres! , o0 of genes inhibiling sm(Kih musde mU 

5 protein. 

The combmation of fields of low intensity and long duration of administration, appHed 
notably to ussues in wv 0 . enhances the transection of nucleic acids, without caustng notable 
nssue deterioration. These results enhance the efficiency of DNA transfers m gene ^ 

employing nucleic acids. 

10 Consequently, the advantages associated with the invention are the production of an 

agent at physiologic and/or therapeutic doses either in the tissues or in proximity thereto or 
secreted systemically in the blood stream or lymph circulation. Funhermore, the invention 
makes poss^le. for the first time, fine modulation and control of the effective quantity of 
transgene expressed by the possibility of modulating the volume of the tissue to be transfected 
1 5 for example, with multiple administration sues, or even the possibility of modulating the ' 
number, shape, surface and arrangement of the e.ectrodes. An additional element of control 
anses out of the possibility of mooting the effectiveness of transection by variation of the 
field mtensity, number, duration and frequency of the pulses and. of course, according to the 
state of the an. the quantity and volume of admm.tration of nucleic acids. A particular 
20 advantage of the present invention :s the excellent dose-response curve achieved for DNA 
transfer, which none of the prior an methods have ach.eved. One can thus obtain a level of 
iransfect-on appropriate to the level of uura-tissue production or secretion desired. The process 
makes possible, finally, extra safety in relation to the chem,cal or v,ral methods of in v/vo gene 
transfer, m which reachmg organs other than the target organ cannot be totally ruled out and 
controlled, in fact, the process according to the invention makes possible the control of 
localization of the tissues transfected (strictly Itnked to the volume of tissue subjected to .ocal 
electric pulses) and therefore tntroduces the possib.hty of suppressing transgene expression by 

or can regenerate, or both, as m the case of muscle. That great flexibility of use makes it 
30 possible to optimize the process accordtng to the animal species (human and veterinary 
apphcanons). the subject's age and rus or her physiolog.cal and/or pathological condition 

The process according to the invention funher makes it possible, for the first time to 
transfect large-s.ed nude, adds, ,n contrast to viral methods, which are limited with respect to 
.he s.ze of a transgene by the size of the viral genome that can fit wUhin the capsid This 
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Possibility is essential for the transfer of very laree si^H 

Mother object of the invention is linking of the electric ' , , 
compositions conta^g nuCeic acids forced JT. 3 ^ » 

Possible to access the t^ ue by topicai , ™' ~"on. ^ g it 

-veno.. „t_r, sub _, ~ 
pharmaceutical compositions of th. • ^erma! route, etc. The 

10 an stable **JZZ£~ ^ 3 ~ - 

action. Itcan,oi~ ' njeCtl0n ^° ^ ^ or for an y oAer 

■ Physioiogica, saline, make possible th Wlter ° f 

****** 

The present inventors have discovered that „„,• 

more in , elcc* field „ „„„ 2 ' ~— ™> -» «H is much 

into tumor cells. optimum for gene transfer 

Thus, according to the present invention, a system or im A 

apparatus having different electric field strength ^ ° F 

30 ^nestotumorcelMandothersmrer ^ " ^ ^ d — — v ery 0 f 

For deliver,, of nucleic acids to muscle calk . 
generate a vo, ug e gMeK of ^ * ' ^ " W™- - * ta. »i U 

P are systems or apparatus that provide a voltage 
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gradient that does not exceed 200 voJts/cm. 

For deiivery of nucleic acids to tumor celJs a wtP 
generate a voltage gradi ent of between 1 and 600 ' , * ° f inVemion "«» 

preferabiy 400 to 600 volts/cm. In specific embed ^ '° 6 °° ™* 

* - »0 vo^cm, , d p re f erably ab T «** — <- ^een 400 

apparatus that p rovide a voka J g ^ ^ « systems 0r 

'age grad.ent that does not exceed 600 volts/cm. 

Nucleic Acids 

» *na. sequenMS orsyra J : 8enomic DNA ' CDNA ' mRNA - |RNA - 

* by chemiMl ^ ~ * .0 *e expen ^, 

I" P-n^ar. „ uc „, ic acid ^ 'T ""^ 

,0 . ^ s ; nence , r;~r • "** acw ^ ■ 

«q»«* homoiojou, or i<feraicil 10 . „ *"** ' nUdeic »°™ g . 

*~ te — ■ *— * ™- ,0 Slu ; ce 2::: Mn " dode maAer ^ " • 
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TTiis protem product can be homologous with the target ceU (that is a nr^ u- 

ce.. U i»,p rote ,„, havingani „„ e>seasiabil imod , Then™. ^1 

defences), or make it possible ,o figh, , 8 .i„s, , patho , 0 „ „,„._„.,„ . ^ 

heipes) (or the Ka.ment of cancers or restenosis. 

The nucleic acid pre,erab, y ^ „,„ „„„ 

can mvolvesequences which are n, lu r„ ly forthe ^ J- ^ " 

ones,. N »«Wy.«ca„ ln volv.eu k ,r y o,icor,irtgeneprom„ K , S c< !u e n ces Forexamrrfe > 
.voive „eo„e„ces ori,^ (rom „. ge _ „ ^ ^ „ J^L" ~ 

^--^P»--.onec„ u se^ due erorrepr«serse qu ence Mp ^or 
— . Ub.o.n.oos ,co„s,„ u „ve, promos i» cM e „ PRT , vimcmi „ ^ ^ J 

>nd u c,b,e pn« delude promos responsive ,o hormones <such as SKroid r eep.o. ' 
re,„o,c ac,d recep,o re . cd. or promo.e. reared b y an.ih.o.ics (l e,rac y cl,„, ra P I y L 

^ d 0 1 her„«, u ra,„s r „„e 1 ,cmo,e raj ,es. >■ can ,i k e„ise invoive promo*r seolc 
en— , *» *. 6 e„ome „ f a v™. „, lhal c „ „ ^ 

r: i mlp ' cmv - rsv ~ *■*-■»■* — — ~ 2 

b m*, ( ,ed * 'ddi.ion Cseonences o f ac.iva.ion. re 8 „„„o„. permi^ 

or .m^, egression. Hssne sp^c egression, or 8 e„eral e,p re ss,o, e.c 
In add.„o„. .he nucieic acid can aiso con^in. pmiailarly above |he , herapM . 
, e na, seoueoce direcdn 8 .he „erape u ,c produc, seized i»,o ,he secret «T 
ce, Trns s, 8 „„ seance can be ,e « s ig na, se^ce o ( u,e ^ ^ a 
^.canaUo„vo,ve an y „,„er (o „c,i„„a, s, 8 „ai. or an a nif ,c,a, si8 „a, seooenc^ The nucleic 
-d can a,so co„ Bi „ a si 6 „„ seance di rea,„ 6 ,he s.n.hes.ed .herac.0. c produ c, , 
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particular ceNuiar c„mp,„me nt . s „ch a, for cxamp , e , mil „ hondrja fof 

mitochondrial genetic disease. 



Therapeutic Genes and Gene Products 
5 ^^^p,^^ gKaK invemlon ^ 

— ^ prote*, ^ ^ „ ^ ^ 
.nterferon, lumor w facKre (TNF , M (prench ^ £P 

growth factors, e.£. , angiogenic factors such as VEGF or FGF 

For treatment „, neuropalhte , eenes ^ ^.^^ ^ 
10 enzvmes tha, sy „.hes*e „eur_ers. Mphic ^ « 

- — . 0, neurodegenerative tWos, damage , c ^ nervous s^rem caul by Zll 

members o f the famiiv o, neurone facto. inCude. b„, are no, „mite d „, „ e rve ^ 
actor <NGF>, brain derived neurotrophic factor (BDNF), neurotrophin-3 (NT3) , ^ 

ieuitemi. ^bitoty ^ ^ ^ ^ ^ ^ NIB. 

c.rd.otrophin and its reiated genes; e ,i, We rived neurotrophic face (GDNF) and re ,'., ed gene , 
and members o, the insulin-iike growth „c,„ r {IGB fmily , such „ ff0F 8 J"' 

» ,e (ibroblas , growth factor f , mily . sueh _ F0F] (>ddic fgr poF2 fgf ^;;;^ - 

FG* F3F7. FGFS. FGF9. etc, members o f *e tumor grow* ( ac,or famiK, such as TGFfJ- 
HARP/pletotrophin. or bone growth factors; hematopoietic factors etc 

Othergenes o, interest code for musci, protetr. of therapeutic benefit, bod, secreted and 

"»-»™=<i.^hasdv s ,rop h i„ t> ,am W dvs,roph i n(Frcnchp,n ! „,No.<>l 11947) ore 1 

25 antitrypsin. 

Oto «^o''n„res.codeforf,c,orsi„volvedi„coagu 1 .,io„:,«, or sv, 1 VII, K . 
su,c,d. genes (thymidine Kinase, cosine deaminase) ; hemogiobin genes or other protein ' 
earners. K 



30 



In sti„ another embodiment, genes corresponding to the proteins fa ^ 

metabolism can be delivered c.,^k . 

. , ,. '-<-m.D. E.F.G.H. Jandapo(a).and melabolic enzymes such as 

for example, hpoproteu, lipase, hepatic iipase. ,ec,,h„ ch„,es.e ro , ac y Wfer asTLpha 
cholestero, h.droxyiase. phosphatidyl acd phosphate, or even „p,d truster pnoteins UXe the 
■ransfer protein of chofcstero, este* and the .a^fer protein of choiestero, este. atrf * lram(er 
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protein of phospr,„„ pid , „, „ DL . buldmepro , ein „ evm , 

tnmor s„ ae HSV .^ „ ev „ ^ ^ ^ . J- 

5 muscles (treatment of restenosis). »mootn 

Other genes of interest include aneioeenic factor ;„,i a- 

factore (VEGF VEGF-2 VEGF 3 , . , 8 e " d °' he " i " 8roWh 

VEGF2.VEGF-3,p 1 , KteeromhfK , oreU „ d uiin 0nlheo 

«- * „r senes m ^„ 6 Wbllore of pa * 

>m« «» « solub)e rec . P ,o„ «, an8iogenic ,„„„„, specific inMbiioc! rf 

?'T C T ^ <Tie2 ' ^ ""• "*>• —~ sing.e 

Ch„„ Fv antics, a g aire , (Km ^ 

endotheii. tnmor-specific ,o,r, p„ i)wl , de Mbiras „ mgioeenesis 
^fragment o, urtoe - ATF. endosta,*. mterferon-a „ 

platelet factor 4, TNFa. thrombosed. pla , deI aMivs , ing ^ , ^ ' 

i 3 prolactin fragment, etc. 

Am »^°*»P™™or w ti^ 
H» -ue. „ is »p.» ,o stres, the —ibo*-, the v.H.b.e fragments „ 

"~nw. (or „ e . ealmsra of Wec , te djseasK wmois ^ amoj 

•0 * . ,ns„,ar scepsis <„, i , diovpe Mesl 0 , her ^ o( ^ ^ ^ 

i»W, them, so^e receptors liKe. for examp,, CD4 Mjub]e ^ ^ ^ ^ 

receptor for anti-HFY therapy, sohtble TNF receptor (panics,,, solut „ e TNFa receptor, ,„ r 
,e,,mer, o, rhe„m,toi d anhrjus , , nd .^^^^ so]ub|e ^ ^ 

.nyasthema; subs.™, peptides or et^me ^ns, „ eve „ ^ _ 

pept.des or adhesion pr01eins lik , f „ exlrop|e for ^ treaimem ^ asthma 

™«* metastases, or M amm.,ion ,f„r sample t . 4 10 Msh Thl ^ 
and IL.13); and amficial. chimericaj or truncated protein. 

Among the hormones of essentia, ^ me cm ^ ^ ^ ^ ^ 

diabcies, growth hormone and calciionin. 

To enhance an anti.u.oral or affective .mmune reS pons e . one may SU pp, y genes 
encoding immunostimulatory cviokines, includinE IL 2 If i? ^. • , . 
C9F r r^p Nyr ' ' ° ny stimulatin g 'actors (GM- 

C^. G-CSF. M-CSF), macrophage infJammatory factors (MIP1, MIP2), dendritic eel] 
activating factors (fk3 ligand). etc. 

Other genes of interest have been desenbed by McKus.ck, V.A. Mended (Inheritance 



25 



30 



WO 99/01175 

PCT/EP98/03976 

24 

in ma,. catalogs of autosomal dopant, autosomal recessive, and X-Hnlced Dhe _ 
edition. Johns Hopkins University Press (1988)) a h • c retypes. Eighth 

r cn,ityrress (1988)), and in Stanbury JR et al CT»,„ 

basis of inherited disease Rif.h „a:- ~ (The meta b°lic 

emea disease. Fifth edition, McGraw-Hill (1983)) Th» „ 

One can ta m , mion ^ genes carbohvd™,.. 

ptapho^ase, n^arphospho^ase. y e f ""^ 

uridyl Wenase. all o, th0 „. . ' . ^ tee "-^. «»-l-pteph.« 

.0 - *„ , , ""^""o'^P^v.cdehyclrojmue complex pyruvic 

carboxylase. , 0 , , ulars , e g|yoxy|ase ^ ^ 

One can also mention: 
phenylalarunc hydroxy,*., ^y^^ ^ /* 

min0IranS ' eraSe ' car ^ amo y'phosphate synthetase, ornithine carbalnoWiransferas 

' ™^ ta ^'-C0A n.tase. ATP : cooala™ adenosyltrjeral dldliTl 

™,hy,e„e tetrahydrolo.a.e rednctas, cysla[himi „ 6 2^7*"' 
CO.P,, proteins ^ , 0 „, ^ ^J^T 

camosinase, and cerebral homocamosinase. 

- ™e genes related to diseases of fat and fatty acid metabolism like, for example 

hydras, ^^'^ 

- The genes related to l ysosomaJ deficiendes ^ ^ 

■duronidase, lysosomal iduronate su,fatase, lysosomal heparan N-sulfataT Ivsosn ^ 
a-D-glucosaminidase acetyl CoA • 1™ , lysosomal N-acetyl- 

^aaosidase. lys.orna, ^Z^7Z ^ ^ * 

, , aryisuJiatase B, lysosomaJ S-glucuronidase, N-acerylel ucosaminvI 

phosphorotransferase, lysosomal an™, ■_, ygiucosaminyl- 

iysosomal a-D-mannos,da S e, lysosomal a-neuraminidase. lysosomal 
aspanylglucosaminidase, lysosomal a I f,,™^ , ^osomal 
ysosomal a-L-fucos.dase. lysosomal acid lipase, lysosomal acid 
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eeramidase. ,v,„s„m„ sp„i„gomye„»„e. iysosomai g,„c«erebrosidase „ d 
galaaocercbros.dase. iysosomal g.lactosyiceramidase. a 
gal— A, iysosomal acid O .g,„c,osidase. „ d . ^ o , ]ysKomai 

On. can also mention, nonrestrictiveiy. „e genes re]jW „ . 

related ,0 rbseases of porphy™ ^ heme ^ ^ 8mes ^ 

ZT7k m ™ ck " d *" ™ ,to " sra M we " * * e — ■— - — - <* 

Wood and hemuopoiesis, muscles (myopathy) nervous i ~* 

3 pmnyi , nervous system (neurodegenerative diseases) or 
crematory system (treatment of ischemia and stenosis, for example) 

io «.--«*i ta-11M , 1| , fciiii 

area of application of this invention. The Examnies infrn Aa 

•he follow facto.. ' ' M °< »' 

E, « TOa ™ f -° f ^3.Amon 8 mehi g h,ydesir, 1 ,,e g enes, ( ,re,ec m ,^,e, tt) 
muscie ttssue is neurotrophin 3 (NT3, „ has .tody been found th„ NT3 delivered 
in „ adcno^ vmor or fa . ^ yecior ^ ^ s ^ 

rntce Ha.se « a,.. Nature m7) . This is a useful animal mode, for .myotropL 

atcra, scierosis (ALS). commotdy ^ ^ Gehrj , s ^ „ ^ > 

dtsease .tth NT3 gene therapy is expected to be great.y facilitated by dehvering me NT3 by 
eiectro^fer.^ch ensures adeouate. teprcducibie expression „, this rophl(:faclor 
EJecrrorransfc.. of acidic FGF or VEGF. Another highly desirable gene for 

, TT™ ,0 ""* 15 8Cidic F0F ,aFGF: EC0F) « «— « 

actor (VEGF). Bod, o, these have been ,„ md , 0 te effective „ aneritl ^ 

d.sease. Treatment o, dus d.sease ^ aFGF or VEGF eieclrotransfer -enhanced gene therapy . 
exited to funnermcrease d,e efficiency of vascuiargro^h. By applymg dielectric fie,d „ , 

disease will also be possible. 

A therapeutic nucleic acid can also be a gene or an antisense sequence, whose 
expression in the targe, ell makes n possible to control the gene expression of cell mRNA 
transection. Such sequences can, for exampie. be t^nbed ^ ^ RNA ^ 
co mp , m en t ^ g .11 mRNAs and thu, b.oc k * eir prote „ translatjon> ^ ^ 

escnbed in European patent No. 140,308. ^ therapeutic g e„es also mclude seances coding 
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Immunogenic Genes and Vaccines 
A S indica.ed above. „ ucl e,c ado cm ^ comaia „„ „ 

viruses or cancers Itcanin^u. u. y ' 8 1 micro organjsms, 

pa,™ No. 25 9. 212 >. „ ^ JL ^ (El " OPei " 



In the process according , 0 the invention, the nucleic acid can h. r ^ 

"~* a Uono^™^^ 

1 5 without limitation, to vectors such as viruses svnth ti k ^ ' 

"i as viruses, synthetic or biosynthetic agents (e » 



manner. 
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EXAMPLES 

5 389 069 a H • ' 39M °- 5 ' 462 ' 520 ' 5 ' 464 -386, 5,019 034 and 

Materials and Mpth^c 
In this example the following products were used- 
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xylazine, physiological saline (NaCl 0.9%). 

An osciUoscope and a commerce] electric pulse aerator <n>r, , 
(ElectropulsatorPS 15 . Jouan , France) ^ ' Jf*""* or s quare ) 

electees spaced 5.3 mm apart ^ ^ « «« «"•! 

The electric pukes were app , ied ^ 
S q Ua rep„lse s ener„ c ,,o„e m i„ u ,e af ,e rlh . • by "« <* a 

_e p^" " " **~ - ' * 

piasmid. The cranial tibia] muscles of the Wr • u 
then removed, weiehed ni»r«* • . d nght P aws w ere 

Results anH n;c^ r .^ n 
Two figures, the scale of which ic u M 

^ th . Q r mear ° r ^^ic, illustrate the results 

It was observed, according to Figure 1 that in , • 
DNA was ^ wito „, elecWc 8 puise 8 -'•»"'•- - - ««. 6rou p. in wnich 

• with 8 pulses of 1 ,200 volts/rm ^ ^ 

* vuits/cm and a duration nf n 1 i_ 

anon of 0. ] msec, the mean value of Juciferase 
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activity was much lower; 

luc.ferase activity was much Jower; 
• »«■ o, 800 v„ te/cm „ d , raec , , he meM vaW o( 

5 significantly reduced. v ^ also 

Most of the muscles having undergone the action of the electric n,H 
ahered (friable and of whitish appearance). ' ^ ^ 

This experiment was carried out with ni/x • 

o, * e putes md ^ dumio „ ^ ^ 16 AP *" ^ "«* «* 
As °ne of ordinary skill in the art ran r» 9 H-i 

■« «»» *, ...jl. c„t m( rr ,tee daia c ° n,i ™ • p ^ 

this example and in the following examples. -penmen* "P°*ed in 
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This experiment was earned out with C57 Bl/6 mice. Apart from the electxic field 
tensity of the pulses and their deration and the fact that the pulses were delivered 25 seconds 
_ after the injection of DNA. the performance conditions were those of the fo reg oing examples 
The results are shown on Figure 3. The mean value of the luciferase transgene 
exposed was markedly .creased with an pulse duration of 20 msec at 100 vo,ts/c m , starting 
from an puJse duration of 5 msec at 200 volts/cm. 

This experiment also clearly shows that the mean value of luciferase activity obtained 
by electrotransfect.on of DNA in the muscle is a funct.cn of the duration of the dectric pulses 
when vdtages of 200 and 100 vols/cm are used. It is also to be observed that the dispersion of 
values ,s notably reduced for the groups of muscles electrotransfected (Figure 3A) „, me 
absence of e.ectric pulses (control), the SEM represents 77.43% of the mean value while the 
■ relative SEM is reduced to 14% under electric field conditions of 200 volts/cm whh pulse times 
of 5 msec. 41.27% under electric field conditions of 200 vols/cm with pulse times of 20 msec 
and between 30% and 48% for elcctrotransfer at 100 volts/cm. 

in the best condition of this experiment, the transgene expression was enhanced by a 
factor of 89.7 in relation to the control injected in the absence of electric pulses. 

EXAMPLE 4: 200-FOl n rNrR E A s F ^ FYPPPcc,n N 

This experiment was carried out in DBA 2 mice with electric pulses of 200 volts/cm of 

vanable duration. The other conditions of this experiment are the same as in Example 3 
Th.s example confirms that at 200 volts/cm the transection of luciferase activity 
increased when the pulse duration was increased f TO m 5 msec to longer dunuion (Figures 4 and 
5). A reduct.cn of the .ntennd.vidual variability indicated by the SEM in relation to the control 
not electrotransfected was observed. Tne relative value of the SEM .s eoual to 35% for the 
contro. and 25. 22. 16, 18, and 26% for series of pulses of 1. 5. 10. 15, 20 and 24 msec 
respectively. Under the optimal conditions used tn this experiment, the transgene expression 
was enhanced by a factor of 205 , relation to the contro. injected tn the absence of electric 
pulses. These results confirm that elcctrotransfer under the conditions described in these 
examples greatly improves both efficacy and reproducibility. 



EXAMPLE 5- OUAN^T ATIONQ^ OF ET FCTP otp a Mor-pji 

Figure 5 exemplifies the importance of the parameter corresponding to the product 
''-mberofpulsesxfieldintensityxdurationofeachpulse." That parameter corresponds ^ 
fact, to the integral dependent on ,,me of the function which describes the variation of the ' 
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electric field. 

of electric fields, wore evaluaied TTk dlushow to ^ V '"" I0<> V/Cm ' "* ™ ** abse " ce 
"■OBiiy. &*„c em e„, of „ ucteic acid „.„„ , . P0S1 ™ 10 e,e *' '"Id by U» ,j eJd 

P^ta -etanc fie,., * ,„,„ dur „ i<Jn of ^ J » » 5 kV*^ of 

The following parameters have been a , 

Hz. mUSde 25 200 V /cm, 8 pulses of 20 ms at 1 to 2 

- Shape I type of the electrodes: most of th* „ 

Plate electrodes; the feasibility of needle elec ***** ^ ° 0n 

- — ofDNA (using j tra r: ir 65 was der ™ fa a rabbit «~ 

- nmmax*** ofDNA . C ° ndUl0nS °" miCe tibi ^ -uscle). 

- Different reporter genes : Juciferase 1^7/ • , 

n.vr '■"erase, LacZ (mice , FGF (rats) 

- Different animal species: mice, rai s. nbbiB . ^ 

■ Different sites of injection • tib' 1' 

tibial^, ^adriceps and triceps on ^r^ 1 "" °" t]bia, ' S °" ^ 

■Distance of injection site vs pu l se site. 

■ of injection vs application of electric pulses 

■Afferent experimenters pert orming injections and > r ■ 

6 Ejections and appl )C adon of pulses. 

T^e result observed were as follows: 
-4 significant enhancement of gene tramUr 

18 ^ ° VeT ^ ™* injecHon alone: from 5-10 
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10 10 °' f ° ,d ° r even » -ice muscles, 100- to 250 , ,h 

~ d h rabblts , ^ Qf ^ jeye] ^ ^ **** e^ee^ fa ^ , ^ ^ 
A. significant reduction of the inter „„; , 

to „ , dmWs L r~r w ^ ° / ' A "— *~ 

™ with FGF ako bfa laj , si if , f,befs «P~*,I U» me. DaIa i, 

H*. The™ „ ^ , ppa „ n , ™* » "» ™^ group submitted to the 

These experiments demonstratP rho * 
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increasing the pulse duration on transection 



This example demonstrates the effect of 
efficiency under e]ectrotransfer conditions. 

The expe™*™, coMton wa re d* same K te of , ^ C57B|/6 

C-*™> „ ^ me BTX p uI se 8ene „ lor enlbled appIi£alio „ ^ 
-P .0 100 « P, Bmid px ^™ (W0 Wfl(B43) ^ ^ as ^ ^ . ^ ^ 
■ha, „ a con*™ eta* fi<iW strenf?h of 20 „ y/cm ^ ^ ^ ^ ^ 

improves Ihe efficiency of the transfeciion. 

**= acid, ,o ™c te . Such . ^ preferab , y a ^ ^ ^ ^ 

least 4, and more preferably 8, pulses. 



Table 1; 
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Electrotransfer efficiency dependence on the pulse duration. 



Pulse duration 
(msec) 


0 


1 


5 


10 


20 


30 


40 


50 


60 




Trial A 
8 pulses 
Trial B 
4 pulses 


11 
±5 

11 
±5 


39 
±6 
26 ,8 
±6 


211 
±26 

123 
± 17 


288 
±46 
246 
±32 


1158 
±238 

' 575 " 
±88 


1487 
±421 

704 
±130 


2386 
±278 


' 3440 
±1077 




80 






Trial C 
4 pulses 


15 
±8 












2885 
±644 




2626 
±441 


1258 
±309 



Median value of luciferase activity in milJions of RLU per muscle */ m , n 

Electrotransfer conditions: 200 V/cm field strength, 1 Hz f^uercy ^ N ' 10 ' 

T.ese data show that a device for electrotransfer under the optimized field strength 
desenbed .nth* application can further enhance the efficiency of DNA transfer by increasing the 
durat.on of the P u*e. For example, increasing the duration to at least 40 msec with a series of 8 
pulses, or 50 msec for a series of 4 pulses, significantly enhanced transfection efficiency at 200 
V/cm. Samtlar optimizations of the device can be effected for other field strength. 

EXAMPLES : TRANSFECTION AS A FI 1NPT7QM ^ ^ r _ Ls ^^ 

Tte example demonstrates the effect of increasing the number of P ul ses on the efficiency 
of transfection under electrotransfer conditions. 

The experimental conditions were the same as described in Example 1 . using C57B1/6 
rn.ee. Table 2 shows that at 200 V/cm with a pulse duration of 20 ms, the efficiency of the 
transfecuon was clearly improved compared to the control group (no electric field applied) 
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in the variance (S.E.M.) for ai, the electron * 3 

electrocuted groups compared to the control (0 pulses). 
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Table 2: 



Transection efficiency versus number of pulses 




15 mMEL1J ^^ 

frequency enhances the patient's comfort hv^H ■ u 



25 Table 3: 



Transfection efficiency versus frequency (Hz) 
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Average Juciferase activity m millions of pt r r ~ 
group; dearie field tntensny 200 V/cm; ^"C""* * ^ N=1 ° f ° r «** 

The resets demonstrate that at higher frequency (, reat er than 1 w „ 



C57BI/6 m,ce were used in this experiment. Plasmid P XL301I (v 

15 Genbank accession nn pq ^nrir. J 7 ^MV-IE) promoter 

ccess.on no. HS5EEE) and a polyadenylation signal from SV40 virus (Genbanic 
accession no. SV4CG) was used in rhie ^enfiank 

^ " tfUS 6Xpenment - T » M of DNA were injected 
The commercial electropulser (Eouibio e.ectropulsate, model EasyjectT Plus Ken, U*> 

a , • , instrument. The parameters established in this example can be 

applied to an electrotransfer device. P 
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25 



By way of comparison, the increase in . v 

teacn, at a frequency of] Hz was 44 

fe ,.. 200 v/cm , capaciiMa ^ 3ooo ^ - —= Md st^. ^ 

^^Ple shows that the electric field del „, 
OTongfeldberwemSOOMdSOOV/cmfo „ " COraWnaIi "' « " k« one 

one weak Held « ,00 V/c m , fa. , lon£ „ ,. ' * " ^ "* 50 « J »» M». and a, leas, 

„, 90 TO each. For ^ ^ 80 V/ ™ a PP''ed in 4 pulses at 1 Hz with a 

- ue d eove^ of Jlc^ ™* - (ta. 

^e r ase-enc„d,„ e ptaid ^ ^ « * n^aU, 

values fa the electric „eld strength were varied „ "* < " ,M ' ity ™* * u* The 
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10 



15 



app I ,c,„„„o f ..^e te , ri c ( i eWpotebeforeta ^ fieIdpu ,^ dBn|eiom ^ • 
effic,e„c y . b ta „. Bprtnw ^ of t 

pulse by < puises of 8 „ Vlcm of 90 ms dura.ion a, , Hz very c,ear Iy TOreasc d 

mfa*. comp^ ,„ *. gmv From ^ ^ k ippeus ^ 

eiecn^sfe, device wou,d suppIy . ^ „ ^ ^ m ^ ^ !m 



Table 5: 



Combination of Pulses of Varying Strength and Time 



Eleccnc Field Conditions 


Experiment 1 


Experiment 2 




(3ngpXL3031) 


(3ng pXL3031) 


Control (no electric field applied) 


320 ± 126 


75 ±27 


A : 500 V/cm ,1x0.1 msec 




169 ±63 


B : 800 V/cm, 1x0.1 msec 
C : 80 V/cm , 4 x 90 msec, 1 Hz 


416 ±143 
1282 ±203 


272 ±84 
362,21 ±85,17 


Conditions: A, followed by C 




1479 ±276 


Conditions; B, followed by C 


3991 ±418 


1426 ± 209 


Conditions: C, followed by B 




347 ±66 



AS Shown i„ Example applica , ion „, , ^ ^ ^ ^ ^ ^ ^ 

msec a, , fre w 0( , „ z cause(i ^ |esions md ^.^ ^ ^ 

o tou ,ed „ «, E^pie snow *a, ^ar „. specified co„di,ior, „ , s possible to use an high 
feids for to8er ^ periods, provides an alanwiv, ^ ,„ modulaIi „ g „ 
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EXAMPLE 12: "NFTTO SOFLJ^^ 

Use of an electrotransfer device of the appl.cat.on permits transection and stable 
expression of a nucleic acid at a high level for at least four months. 

C67BV6 mice were used in this experiment. The mice were injected intran.uscuJarly with 
p.asmid P XI^ 7 4 „ 5 ug). Inject of *e DNA was foUowed by Qf _ ^ ^ 

under the following conditions; 200 V/cm; 8 pulses of 20 msec durat.on; 1 Hz frequency Other 
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conditjonswene as described in Example! r f 

the electric field. ControI ^ were not exposed to 

™w% tad. was " J" *" * *• — * n eM . /, * 

- - >«. or .^, on . 0 „ dv I2] ^T" - <* - *» - — , 

gtntp, was even more 8re ™ e He co„M and the 

More remarkably theW^f 

pentpective of long term clinical treatment with therapeutic 

Histological analysis over the a^ITTT ™^ 

whiie the kv „ „ ^ ^ " fl "»™^ —ion was ^ ^ 

PXL300. ,, ism , 3, was ^ ^ * -P. 

« a n.cie.Hcca.rZ 7 ^ « 

^ NetiKrian*,. * „. SV40 JT* *» OW^ 

Jl^ 77 ' — «~ SV4CG). ^ 

^ rtl J7 
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« «* Compaq , 0 com ^ - ^ - * -««™ S « mwcls 

5 ' ^'""anoiedta.heew,™, ... 

«*- —p^ Md , ym — . ^ 

r«erosis. ^ P^ocydc macrophages. TV 

— «. ^ ^ ;~ ~ » - - — .a ^ 

• to the .Km-etart^rme.bilized miIscles , . 

demonsirate ft,, fte ^ Funh =™<-. "» d*a rrorr, fte ^ 

^^^^^Ji^aUOFTIMEOF INJECT™ „ 

^ Example demoristrat JihTZ T 
-e ) a, te3 0^.^j; i ^---^ ta o feu , fatecase , 

sameasUKKeofExampie, 0lher e *P*™<™al conditio™ were fe 

' 71,6 """i™ "Ported in Table 6 j„- 

Wicion o, a, eiecm, field * * *• * "P * « hot, prior ,„ 

wja resulted in achjevemem of 

by IfCerase expression. „. same m „ d " ™ Sfa * 0n T- - 

dosel0t »«slower.£e.,1.5 M g O fDNA. No 



WO 99/01175 



PCT/EP98/03976 



40 



enhancement of DNA transection effici 



application of the eJectric field 
5 l^^" 0 """"^""^^ 



ency was observed when thp niacm^ ■ . 

wnen me plasmid was injected after 



iected Before and After Application of the 



Time of injection 




relative to 




application of the 


pXL2774 


electric field 


(15 Mg) 


0 


7±4 



Exp 2 


Exp 3 


PXL2774 


PXL2774 




(1.5 w ) 


8~±6 


0.4 ±0.2 



Exp 4 

PXL2774 P XL2774 
(15 Hg) (1.5 fig) 

22 ±i5 I m 



6B Injection of DNA prior to application of the electric field 



6C: Injection of D NA after applicat.on of the electric field 

Exp 2 





In contrast to the results observed hpm i„ „,k- u • • . 

, here,u,wh,ch section of the plasmid DNA uo in o™. 

hour pnor to application of the electric f,VM w P °" e 

10 ^ P dGd f ° r ^ level «P«ssion of the plasmid in 

10 vitro various authors have observed that for „i„ , P'"smid. in 

Present at ,hP , ■ f „ ^'ectropora.on, it is necessary that the plasmid be 

present at the t.me of the application of the electric field. 
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EXAMPLE 1 *>■ noSF.ppQpnMec WiTHELECTRnTPAMQPPP 

Statical analyst presented in this Example pennits comparison of the dcse-response 
under electrotransfer cond.uons. This study conned that use of an electrotransfer device 
greatly reduced variability of the level of expression of the plasmid. 

Five-week-old C57BI16 rmce were injected mtnamuscularly btlaterally in the tibia, cranial 
muscles with doses varying from 0.25 to 32 M g of DNA (plasmid P COR-pXL3031) bearing the 
transgene luciferase for cytoplasmic expression, under the promoter CMVh at a rate of 10 mice 
per dose of DNA. The dose of DNA varied from 0.25 to 32 w Innmediate.y ^ ^ ^ 
one of the two legs was exposed to a field of 250 V/cm. with 4 pulses of 20 ms at a frequency of 1 
Hz. The ammals were sacrificed 5 days after the treatment and the expression of the transgene 
was studied in the tissue extract of each muscle according to the protoco, described in Example 1 
Under these electrotransfer conditions, macroscopic observation of the muscles showed only two " 
traces of slight thermal damage to the tissue out of 150 muscles subjected to the treatment. 

Comparison of the change in variances as a function of that of the means for each series 
of m:ce <n=10) clearly show, that the distribution of the expression of the transgene is log-normal 
The graphic analysis of the results (Figure 7) confirmed by calculation shows that the effect varies 
linearly with the logarithm of the dose of DNA injected. 

With a Cochran test, i, is possible to demonstrate that there is homogeneity of the 
vanances for each regression (with and without electrotransfer). a fact which enables using the 
re S1 dual variances to perform all the calculations. Variance from linearity was not significant to 
5% confidence under el ectrotransfer conditions. In contrast, the variance from linearity was 
highly significant (p < 0.01), indicating significant heterogeneity of DNA transfection efficiency 
under standard conditions (non-electrotransfer conditions). The data show that residual vanance 
>s 5 tunes greater in the case where there was no electrotransfer compared to that * which there 
was electrotransfer. 

Considering the values estimated for the residual variances, it would be necessary to use 5 
nmes as many animals to obtain the same powerin a transection efficiency comparison test under 
non-electrotransfer conditions compared to electrotransfer. Tnis analysis transiates into a clear 
advantage of utilizing an electrotransfer device. To demonstrate a variation of two five or ten 
..me, the expression of the transgene with 95% confidence, it would be necessary to inject some 
33, 8. or 5 animals under electrotransfer conditions, as compared to 165, 40. or 25 animals under 
non-electrotransfer conditions. A table summarizing this type of calculation is shown below in 
Table 7. 
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Efficiency 
ratio 




P-95% P = 90% P = 85% p =75 % 


2 
5 

10 




33 28 24 19 
8 7 6 6 

5 5 4 4 
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These data show that the electrotransfer technique not only greatly increases the efficiency 
of transfeciion, it significantly reduces variability of responses. This method, and devices for 
implementing it, permits rigorous analytical studies of tissue transfection, as well as reproducible 
delivery of therapeutic genes within the window of therapeutic treatment. 

A comparison test of the slopes obtained for each regression is not meaningful. It is thus 
possible to consider at a risk of 5% that there is parallelism of the two regressions. The 
calculation of relative power shows that to obtain the same effect, about 250 times more DNA 
must be injected per muscle under standard conditions compared to use of an electrotransfer 
device (243 ± 85, with a confidence interval of 95%). This result may be translated as an increase 
approximately 500 times of the expression of the transgene for the same dose of DNA injected 
with electrotransfer compared to standard DNA injection. 

This example shows that with two luciferase-encoding plasmids, it is possible to establish 
a significant linear correlation between the plasmid dose injected and electro transfection. This 
correlation is much less significant without electrotransfer. Statistical analysis also demonstrates a 
significant reduction in variance for the electrotransfected groups. It is thus possible with the 
electrotransfer device of the invention to effectively and predictably modulate the level of 
expression of the transgene by varying the quantity of plasmid injected. 

EXAMPLE 16: ELECTROTR ANSFER WTTH D IFFERENT FT FPTBnnFg 

This Example compares the effect of electrotransfer devices equipped with one of two 
types of electrodes, flat plate electrodes and needle electrodes, on the efficiency of nucleic acid 
transfer. In addition, needle electrodes were tested in different orientarions of implantation. 

Plasmid pXL2774 (150 u.g) was injected in the tricep muscle of the rat. The plate 
electrodes were placed as described in Example 1 at an mter-electrode distance of 1.2 cm. For the 
needle electrodes, the inter-electrode custance was 0.9 cm. The needle electrodes were inserted for 
an equal length in the muscle tissue, e.ther parallel to or perpendicular to the axis of the muscle 
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electrodes relative to the orientation of the muscle fibers. 
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Table 8. Electrotransfer enhancement of nucleic acid transfecdon 



10 



15 



20 



in various species and muscles 



Srjecies 




electric field 
condition 


Muscle 

Tibial 

cranial 


1 Muscle 
Gastroc- 
nemien 


Muscle 
Rectus 
femoris 


Muscle 
Triceps 
brachii 


Muscle 
Quadriceps 


Mouse 


10 ug 
PXL3031 


8 x 200 V/cm 
20 msec, 2 Hz 


x28 


x 196 


x342 


xll21 




Rat 


150 ug 
PXL3031 


8 x 200 V/cm 
20 msec, 2 Hz 


x31 






x 160 


xl3,2 


Rabbit 


200 ng 
pXL2774 


4 x 200 V/cm 
20 msec, 1 Hz 


X 

25417 






x 724 


x3595 



Electrotransfer was also tested in monkeys (Macaca fascicular*) . Plasmid pXL3179 
(Figure 11) comprising a gene encoding fibroblast growth factor 1 (acidic fibroblast growth 
factor) (FGF1 or aFGF) was derived f rom p,asmid pXL2774 in which the human fibroblast 
interferon signal peptide was fused to cDNA for aFGF (sp-FGFl, Jouanneau « a! 1991 PNAS 
88:2893-2897) was introduced under control of the human CMV-IE promot er and the SV40 
polyadenylauon signal. aFGF expression was determined by irnmuno-histochemistry The 
number of positive cells (cells expressing aFGF) were evaluated three days after intramuscular 
mjecdon with 500 Mgofp,asmidpXL3179. The electric f.eld conditions were 200 V/cm 8 pulses 
of 20 msec each, at 1 Hz frequency. Controls were not treated with the electric field 
(electrotransfer -). 

The resul* of this experiment are shown , Table 9. The data clearly demonstrate that 
aFGF proton expression could only be detected after use of an electrotransfer dev.ce to increase 
the efficiency of DNA transfer into the muscle tissues. Interestingly, no expression could be 
detected in the absence of electrotransfer under these conditions. 
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TabJe 9: 



tamunohistochemica] analysis of aFPF. 

i„ monkey muscle 

^ectro transfer 



Fer 
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15 



20 



ImmunohistochemicaJ anaiv*;* <■ ^ ~ —I 

^ ll,ed,a|,hra, ""°aWy muscular dysBophy 

**, h „ ^ was - - « — aft,, ^ 

The resuJtsareshowninTabJelO. 
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This example demonstrates a *;™t 

P a field srenglh of , 60 v/cm (p<0 m ^ 
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the Mann- Whitney non parametric test). 
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EXAMPLE 20: ELECTROTRANSFER OF A SECRETED ALKALINE PHOSPHATASE- 
GENE 

5 This example demonstrates the ability to transfect and express a gene encoding a secreted 

protein. Secreted proteins are used, for example, in a systemic gene therapy approach, and for 
generating an immune response (DNA vaccine). The secreted gene presented here was found in 
the circulation at an elevated concentration, and its presence was stable. 

In this example, the alkaline phosphatase-encoding plasmid pXL3010 (Figure 13) was 
1 0 injected into one of the two tibial cranial muscles of an adult C57B1/6 mouse. The plasmid 
PXL3010 was derived from ColEl in which the gene coding for secreted alkaline phosphatase 
(SeAP) from pSEAP-basic (Clontech; Genbank accession no. CVTJ09660) was introduced under 
control of the CMV promoter (pCDNA3; Invitrogen, Netherlands) and the SV40 polyadenylation 
signal. The application of the electric field was performed under standard conditions, Le., 8 
15 square pulses of 20 msec duration, 1 Hz frequency, and 200 V/cm applied 20 seconds after 
injection of the plasmid. Measurement of the concentration of the blood serum serum alkaline 
phosphatase was carried out on a blood sample from the eye (retro-orbital plexus puncture) 7 days 
later using a commercial chemiluminescence assay (Phosphalight, Tropix, Bedford, 
Massachusetts, US). The injection of a few muscles subjected or not to the electric field with a 
non-encoding plasmid (ballast DNA) allowed verification of the absence of serum alkaline 
phosphatase that does not come from the expression of the transgene. 

The effect of improvement of the expression of the transgene by the application of an 
electric field under these conditions was clear for the various quantities of plasmid injected (Table 
1 1). It was possible to reach high serum concentrations of alkaline phosphatase by increasing the 
quantity of plasmid injected. This gain relative to a conventional transection was maintained for a 
long period after injection in this experiment. 
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Table 1 1 : Expression of SeAP from mouse muscle with and without electrotransfer 



Plasmide pXL3010 
Kg 


Plasmide pUCl 9 
Kg 


Electro transfer* 


Electro transf p rr 


0.1 


0 


0.03 ± 0.01 (n=5) 


123 ±0.21 (n=10) 


0.3 


0 


0.05 ± 0.02 (n=5) 


1.92 ±0,33 (n=10) 


1 


0 


0.16 ±0.04 (n=5) 


7.58 ± 1.18 (n=10) 


10 


0 


1.52 ±0.59 (n=10) 


262.87 ± 54.97 (n=10) 


400 


0 


15.64 ±10.77 (n=5) 


2203.11 ±332.34(n=5) 


0.1 


9.9 


0.088 ±0.015 (n=5) 


21.39 ±3.54 (n=10) 


0.3 


9.7 


0.90 ± 0.49 (n=5) 


95.67 ±16.15 (n=10) 


1 


9 


0.26 ± 0.09 (n=5) 


201.68 ± 32.38 (n=10) 


10 


0 


0.21 ±0.05 (n=10) 


357.84 ±77.02 (n=10) 



The average value for SeAP in serum ± S.E.M. in ng/mJ is reported in this table. 



10 



Injection of 400 M g of plasmid (injection of 100 ug DNA in 54 ul bilaterally and twice at 
a 30-minute interval) yielded a serum concentration of 2.2 ug/ml of alkaline phosphatase with 
electrotransfer compared to 0.016 ug for the controls. In addition, the use of ballast DNA, which 
makes it possible to work with a constant quantity of DNA regardless of the amount of plasmid (a 
total of 10 ug of DNA per mouse), further improves the levels of electrotransfection for a small 
quantity of plasmid pXL3010 (£ 1 ug). 

The kinetics of SeAP expression were followed as well. In this case, the dose of DNA 
15 was 15 ixg was injected per muscle bilaterally (30 ug per mouse). The results are presented in 
F )gure 9. One observes that, seven days after transfection, a significant and stable (at least for 
two months) serum concentration of SeAP as a result of the electrotransfer of pXL3010. 

These results confirm that the transfer of nucleic acids in the muscle using an apparatus 
of the invention permits expression of high and stable levels of a secreted transgene. Thus, it is 
possible to use the muscle as a organ for production of a secreted protein of interest, as well as to 
direct expression of a therapeutic gene that acts directly on the muscle itself (such as the 
dystrophin gene or an angiogenic factor). 
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H* exampie de.ons.aces that a therapeutic gene can be transfer t0 muscle ^ „ 
apparatusoft^ven^ 

meaningful physiologic* response. !n this case, the express of erythropoietin can be detected 
and the expressed protein induces an Urease in the hematocrit of the recipient animal 

C57B1/6 nace were injected in the tibial cranial muscle unilaterally with plasmid 
PXL3348 (Figute 16). comprising the gene coding for erythropoietin. 7* e plasmid P XL3348 was 
derived from p.asmid P XL2774 by Cueing the murine erythropoietin gene (NCBI- 193086) 
un^ 

Tlie resuJt of this experiment are reported in Table 12. 



15 Table 12: 



Plasmid 



Serum level of erythropoietin 
(rnlU/rnl) 
at D7 



Serum level of erythropoietin 
(mlU/mJ) 
at D24 



Electrotransfer Electrotransfer 
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Hema 
Increa 


tocrit% 
se at D7 


Hematocrit % 
Increase at D24 


Plasmid 


Electro transfer 


Electro transfer 
+ 


Electro transfer 


Electro transfer 
+ 


PXL3348 
Upg) 


38.5 ±0.5 


35.0 ± 3.6 


50.8 ± 2.3 


81 ±0.5 


PXL3348 
(10 jig) 


32.0 ± 3.2 


26.0 ±4.1 


69.0 ±5.1 


83.0 ± 1.0 


PUC19 
(1 Hg) 




30.8 ±2.3 




43.2 ± 0.9 



Average value ± S.E.M.; N=4 to 5 mice per group. 



At D24, the injection of 1 w of plasmid was associated with a moderate increase of the 
hematocrit for mice conventionally transfected, and was very high for the electrotransfected mice 
With lOwof plasmid. the hematocrit increased for the control group. For the eiectrotransfected 
group, the hematocrit was clearly greater, with less variance. Similar results were observed with a 

lower amount of DNA (1 ^g). 



EXAMPLE22 : n.F.rTROTRANS FF,ROFW GF(VA S rTn A PPMno THE i, IAI . ri p nwrrH 
FACTOR) GENE 

C57B1/6 or SCID mice were injection in the tibial cranial muscle bilaterally with 15 ug of 
plasmid P XL3212 (Figure 11), a VEGF-encoding plasmid pCOR hVEGF. Plasmid pXL3212 
was derived from plasmid pXU>774 by introducing the cDNA coding for VEGF (Genbank 
accession no. HUMEGFAA) under control of the human CMV-IE promoter and the SV40 
polyadenylation signal. The electrotransfection was carried out using a commercial electnopulser 
(Jouan) at a rate of 8 pulses of 20 msec duration, 200 V/cm, at a frequency of 2 Hz. Blood 
samples were taken from the retro-orbital plexus in dry tubes. Blood samples were taken one day 
before and 7 days after injection of the plasmid. The immunoenzymatic quantitation of human 
VEGF was made using the Quantikine kit (R&D System). A supplemental human VEGF series 
was performed in mouse serum. The results for that series are shown in Table 13. 
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Table 13: Expression of human VEGF in mouse serum 
Mouse strain 



C57BL6 



C57BL6 



SCID 



SCID 



Day 
D-l 



D+7 



Transfection method 



D-l 



D+7 



simple injection 
electrotransfer 



simple injection 



electrotransfer 



Human VEGF 

(nfi/L) 
not detectable 



393 + 110 



not detectable 



99 + 26 



Serum concentration (ng/liter) of VEGF in C57B1/6 and SCID mice. Control mouse 
serum was obtained from mice one day pnor to Ejection of the plasmid 

EXAMPLE 23: EI JSCTRO TR A NSFFP TION OF A CI rrrrr N G FA CTOP TV 

The experimental conditions were the same as in Example 22, except that 15 ug of the 
clotting factor IX -encoding plasmid pCor hHX ( P XL3388; Figune 12) was injected per muscle in 
C57BL6 or SCID mice. The pXL3388 plasmid was derived from plasmid pXL2774 by 
introducing the cDNA encoding human factor IX (Christmas factor; Genbank accession no. 
HUMFIXA) under control of the CMV-IE promoter and SV40 polyadenylation signal. T*e 
electrotransfer conditions were as follows: 8 pulses of 20 msec duration at 200 V/cm, 2 Hz 
frequency. Factor IX levels were measured seven days after mjecuon of the plasmid. Blood 
samples were taken from the retrc-orbital plexus in tubes containing trisodium citrate, and the 
tubes stored in ice. 

The following table (Table 14) shows that the human factor IX was found only in the 
blood of mice C57BL6 and SCID whose tibial cranial muscles were injected with pXL3388 
plasmid and subjected to the application of an electric field using an electrotransfer apparatus of 

the invention. 



Table 14: Expression of human factor IX 



Mouse strain 


injection 


Electrotransfer 


Human factor IX 
(w/U 


C57BL/6 
C57BI76 


PXL3388 
PXL3388 


+ 


69+ 12 


C57BL/6 


NaCl 0.9 % 


+ 


not detectable 
not detectable 


SCID 


PXL3388 


+ 


66 + 5 


SCID 


PXL3388 




not detectable 
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The concentration of factor IX in C57B1/6 and SCID mice. 

Human factor IX is not detectable in mouse blood in the absence of use of an 
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electrotransfer apparatus of the invention. 
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EXAMPLE 24: ELECTROT RANSFER OF AN ACIDIC FTRPDrt a ct ^, ju p , 
(aFGF) GENE " ~ 

The experimental conditions are like those in Example 22, except for the fact that 15 M g 
of the FGF.encod.ng plasmid pCor CMV a FGF ( P XL3096; Figure 14) was injected per muscle 
>n C57BL6 or SCID mice. The pXL3096 plasmid was den ved 'from plasmid pXL2774 by 
introduction of a triple helix forming sequence (TH; Wiis et al. , 1997, Gene Ther 4-323-330) in 
which the gene coding for a fusion between the signal peptide of human fibroblast interferon and 
the cDNA coding for FGF1 ( S p-FGF1 ; Jouanneau al, supra) under control of the CMV-IE 
promoter, followed by the transcribed, non-translated leader sequence of HSV thymidine kinase 
and the SV40 polyadenylation signal sequence. The following electrotransfer conditions were ' 
employed: 8 pulses of 20 msec duration. 200 V/cm, 2 Hz frequency. The presence of the FGF 
was shown by immunohistochemistry. 

Results for transection of C57B1/6 mice are shown in Figure 10. and result for the SCID 
mice are shown in Table 15. The number of fibe. expressing FGF in randomlyselected sections 
was always clearly superior for the electrotransfected muscles than for the control muscles which 
receded only an injection of the P XL3096 plasmid alone. The expression of FGF after 
electrotransfection reaches a maximum at D8. On D21 and D35, the presence of FGF for the 
control groups is virtually undetectable whereas a large number of positive fibers were observed in 
the electrotransfected groups. 



Expression of aFGF in SCID 





Electrotransfer 


Tibial cranial (left) 


Tibial cranial 
(right) 


pXL3096 (15u.g) 


+ 


600 


450 




+ 


700 


300 


pXL3096 (15ug) 




3 


0 






3 


0 






0 


0 


pXL3096 (1.5ug) 


+ 


80 


70 




+ 


20 


35 




+ 


110 


100 


pXL3096 (1.5ug) 




0 


0 






0 


1 
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The number of aFGF positive fibers, detected by immunohistochemistry in a muscle 
secuon were determined for individual mice. The muscle sections were obtained from the middle 
of the muscle. 

5 The expression of aFGF, as determined by the number of positive fibers revealed by 

immunohistochemistry, was detected almost exclusively in mice that had received treatment with 
an electrotransfer apparatus. Moreover, aFGF expression was detectable at the lower DNA dose 
as well as the higher dose. 
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EXAMPLE 25: ELECTROTRANSFER OF A NEUROTROPHIC FACTQR-3 (NT3) GF.NF. 

Five-week-old C57BV6 and baby Xtlpmn mice were injected unilaterally in the tibial 
cranial muscle with 12.5 u.g of the plasmid pXL3149 (Figure 14) which encodes for the 
neurotrophic factor NT3. The pmn mice are a model for amyotrophic lateral sclerosis (ALS; Lou 
Gehrig's disease) characterized by an early and rapid degeneration of motoneurons and by an 
average life expectancy of about 40 days. Plasmid pXL3149 was derived from plasmid P XL2774 
by introduction of the murine NT3 gene (Genbank accession no. MMNT3) under control of the 
human CMV-IE promoter and the SV40 polyadenylation signal. The expressionof the NT3 was 
studied in the supernatant prepared by centrifugation (12,000 x g) of the ground muscle in PBS 
buffer 7 days after the treatment of the mice, and quantified by an ELISA assay (Promega Kit). 

With the C57BV6 mice received injections of 12.5 ug of plasmid DNA. Half of the mice 
were subjected to an electric field (250 V/cm with 4 pulses of 20 ms at a frequency of 1 Hz) 
immediately after injection. The respective 95% confidence intervals calculated for an average of 
20 muscles are 77±1 1 pg/muscle when there was no electrotransfer and 2.7±0.9 ng/muscle with 
electrotransfer. The endogenous NT3 level was not determined. 

Similar data were found for expression of NT3 in 4 to 5 day old Xtlpmn heterozygous 
mice. These mice received injections of 130 ug of DNA per animal after multisite injection in 
different muscles (gastrocnemien, 25 ug; tibial cranial muscle, 12.5 ug). The following 
electrotransfer conditions were employed: 4 pulses of 20 msec duration, 500 V/cm, 1 Hz. NT3 
was detected in these mice seven days after administration of the plasmid and application of the 
30 electric field. The results of this experiment are reported in Table 16. 
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Table 16: Expression of NT3 in Xtlpmn mice 




Average values of NT3 ± S F m 

S.E.M. (pg per muscle or pg/ m ] of p]asma) 



Under the experimental condition, ^ here , a basaJ ]ev£] 
Sastrocnemien and tibiaJ cranial muscles I J„h „ ***** m ^ 

10 P^dpXUl^^^ 

-d.avervlargeir.reaseinl ^ ^ ^ ^ « invention is 

ry ge increase in the amount of NT3 in the tissue and plasma is observed Th < 
any quantity of DNA plasmid mat is administered utilization of 

increase transfection efficient , • 8Rpan " US ° f ^ * vention <° 

^em^rd:;^ 

« aneuro^cge^i;;; ^ ^^«3^ >I-W 

extends from the transcnpnon initiation signal to a BamHI site, whichis224 

SV40 polyadenylation signal. The hGH cDNA . ^ ^ 

~«A1^^^^^ 

5' complementary Z* " ** ^ ^ 

5'- GGGTCTAGAGCCACCATGGCTACAGGCTCCCGGAC -3' 
Th* oligonucleotide contains a kozak Xbal sequence. 
3' complementary oligonucleotide: 

5'-GGGATGCATrrACTAGAAGCCACAGCTGCCTC-3- 
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This oligonucleotide contains an Nsil site and the stop codon. 



The amplified fragment was cloned 



into plasmid pCR2.1 (TA Cloning Kit, Invit rog en) 



and sequenced. An Xbal/Ns,! fragment of 681 oasepatrs containing the hGH cDNA was ligated 
with the Xbal/Nsil fragment of P SL3353 to generate plasmid pXL3354. 

Electrotransfer conditions were as follows: 200 V/cm; 8 pulses of 20 msec duration- 1 
Hz frequency. The electric field was applied immediately after injection of the plasmid DNA 
The presence of hGH was detected seven days after treatment of the mice in gnound muscle ' 
supernatant in buffered PBS after oentriiugation at 12,000 x g. The quantity of hGH was 
measured by ELISA (Boehringer Manheim). 

The results of this experiment are reported in Table 17. 
Table 17: Expression of human growth hormone 



Electrotransfer 


Injection f 
(pX 


genomic hGH 
L3353) 


Injection h 
(pXL 


GH cDNA 
3354) 


Muscle 
Tibial Cranial 


87,1 ± 9,3 
(n=10) 


+ 

1477,6 ± 67,6 
(n=10) 


2820,0 ± 487,5 
(n=10) 


+ 

15739,1 ± 915,5 
(n=10) 



15 



Average value of hGH expression (picogram/muscle) ± S.E.M. 

These results show that use of an electrotransfer apparatus of the invention permits much 
^expression of human growth hormone. Tnis increase in expression is observed whether a 
genom 1C clone or cDNA encoding hGH was administered. 
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EXAMPLE 27: F.LECTROTR AMSPPP ^ AC CINE TR ANSfiPMre 

This Example reports that an apparatus for electrotransfer of the invention enhances 
delivery of genes for gene (or DNA) vaccination. In this example, the following products were 
used: VR-HA, a plasmid DNA including the gene of the hemagglutinin of the flu virus (stxain 
A/PR/8/34). mVRgBDT is a plasmid DNA including the gene of the gjycoprotein B (gB) of the 
human cytomegalovirus (Towne strain). The other products are available from commercial 
suppbers: Ketamine, Xylazine and physiological sodium chloride solution (NaCl 0 9%) The 
experiment was performed in 9-wee.c-old female mice Balb/c. Mice originating in different cages 
were distributed randomly before the experiment (randomization). 

An oscilloscope and a commercial generator of electrical pulses (rectangular or square) 
(Electropulser PS 15. Jouan, France) were used The electrodes used were stainless steel flat 
electrodes spaced 5 mm apart. 
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The mice were anesthetized using a mixture of ketamine and xylazine. The plasmid 
solution (50 ul of a solution at 20 ug/ml or 200 ug/ml - m NaCl 0.9%) was injected longitudinally 
through the skin into the tibial cranial muscle of the left leg using a Hamilton syringe. The two 
electees are coated with a conductive gel and the injected leg was placed berween the electrodes 
in contact with them. The electrical pulses were app.ied perpendicularly to the axis of the muscle 
using a square pulse generator, 20 seconds after the injection. An oscilloscope enabled monitoring 
the electric field: 200 V/cm. durat.on of 20 ms. frequency of 1 Hz for 8 consecutive pulses. 

For the evaluation of the stimulation of the immune response, the following immunization 
protocol was followed: 

-» p re-immune serum sample was taken 
-» first injection, with or without electrotransfer 
-> immune serum sample was taken 
-» booster injection, with or without electrotransfer 
immune serum sample was taken 
immune serum sample was taken 
The blood serum samples were taken from the retro-orbital sinus. The amounts of specific 
antibodies were determined by ELISA. Each experimental condition was tested at 10 points using 
10 animals injected unilaterally. 

The results of antibody titers directed against flu hemagglutinin are presented in Table 18. 



DO 

D 1 

D21 

D22 

D42 

D63 



— » 



Table 18: 



Anti-flu hemagglutinin antibody response 





Electrotransfer 


DO 


D21 


D42 


D63 


VR-HA (1 ug) 




<50 


132 ±739 


1201 ±4380 


1314 ±2481 


VR-HA (1 ug) 


+ 


< 50 


1121 ±1237 


10441 ±7819 


8121 ±5619 


(P) 






(0.0135) 


(0.0022) 


(0.0033) 


VR-HA (10 ug) 




<50 


781 ±666 


5113 ±16015 


4673 ± 8238 


VR-HA (10 ug) 


+ 


<50 


4153 ± 2344 


74761 ±89228 


41765 ±52361 


(p) 




| (0,0002) 


(0.0005) 


(0.0007) 



of VR H^n^"- d T "j™" 4 agl ™' t*™®'"^ c*tai*d after injecdon of 1 or 10 ut 



' an 



electrotransfer apparatus. The results are the geometric average of ten animals per group <N=8 
for the group .njected with 1 ug of DNA, and exposed to the electric field, and tested at D63) ± 
standard error. The value (p) was obtained by comparisQn ^ »»> ± 
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DNA. then treated or not with the electric field using the „on parage Mann- Whttney test. 

THese results show that the antibody titer directed against flu hemagglutinin * greatly 
mcreased. by about a factor of ten, m the group treated with the electrotransfer apparatus Indeed 
m,ce that received on.y DNA, and treated with the electrotransfer apparatus had a ' 

greater anti-hemagglutinin uter than mice that revived 1 0 ^ of DNA, but w ere not treated with 
the electric field. 

The results of the antibody response directed 
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Table 19. 



Table 19: 



against CMV glycoprotein B is presented i 
Anti-CMV glycoprotein B antiobody response 





1 Electrotransfer j DO 


D21 | D42 


1 D63 


VR-gB (10 ug) 
VR-gB (10 ug) 
(P) 


+ 


<50 
<50 


73 ± 138 
200 ±119 
(0.0558) 


755 ±1766 
3057 ±1747 
(0.0108) 


809 ±1363 
2112 ±1330 
(0.0479) 



15 



20 



VR-SB ^L*?^f o'CI ^f^T" B, obtained after inject of 10 „ of 

These results show that the anti-gB titer is tncreased by a factor of four by day 42 (D42) 
» th. group treated with an electric field compared to the control group. In addition, as observed 
prevtously. the variation (standard error) is greatly reduced for mice treated with the 
electrotransfer apparatus compared to untreated (control) mice. 

g*^^^ FOR TR A M.SFFCTiriM 

CELLS 

The following Example illustrates use of an electrotransfer apparatus to enhance delivery 
of nucleic acids into tumor tissue. In particular, by modifying an electrotransfer apparatus of the 
■nvenuon to provide higher voltages th» are preferred for electrotransfer of nucleic acids into 
muscle, ef Mem transfect.on of tumor cells (and most other cells) in vivo can be effected This 
example demonstrates effects of electrotransfer on different tumors of either human origin 
-mplanted on nude (.mmunodeficient) mice, or of murine origin implanted on C57B1/6 
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Materials and M Qthnri 
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25 



, „„. iv iem0fK 

8 20 * HUm " «»W or roto adenoma ~ 

tog carcinoma (3LL) tumors (20 mm >! kX " """""oma «16) or 

wiure uu mm) were implanted in r^TRi /a • ^ 
0 ^ified aC cordir, s ,o aiesi2e(1 „ w . P anted in C57BI/6 mice. The mice were 

pxL3o 3 nc,c P ^ i c^r P ^„r reofkeMiinemdxy,a2i,,e ' Bte ^ 

^^cran^er^^J^'^^^^P^werem^ 
MSfa! solution of DNA to 20 mM NaCI 5* T (« (J of , 250 

— «*. * - *e _ „ PIaad ^ r 

»PP«ed ^ a s qum ^ ^ ^ K ^ *—P— 

conned the vo,u S e in^, ^ dmiai . m „. ^ " JeCUOn - 

P*. a, 200 to 800 ^ 1~ ^ " 8 

«=dTl,eeta ro de s ». e „ sairjKS P^teurPS 15. Jouan. France) w 

eeip,!,eetecmd « separated by 0.45 to 0 7^ 
Toevalua^u^o^^,^ ? « to 0.7 cm. 

"penmen,., eroup , ^ '""^ "» ■»« ^neraJiy ,0 mice,*, 

ootauted was centrff^ IO obuia a " " «— ' - 4* Puffer, me stspen^ 

Ptematevebof^trfak.ji, 

Exam P ,e 20.^„. ^ , 4 ^ 8 (D r D2 D8 Tl TOaSUred * ***** h 

V ' U ^ D8) injection of the DNA. 
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Results and Discnssirm 
Elearotransfer into a human lung carcinoma tumor. In a first experiment, the 
conditions generally used for intramuscular gene electrotnmsfer were used: an electric field of 200 
v/cm, 8 pulses at a frequency of 1 hertz, and the results obtained were compared with those 
obtained at higher voltages ranging from 300 to 500 volts/cm. The purpose of a second 
experiment was to determine the optimal voltage conditions that must be applied to obtain 
maxunum transection, or voltages ranging from 400 to 800 volts/cm. The results are shown in 



10 Table 20. 



Table 20. Electrotransfer into a human lung carcinoma 



15 



20 




25 



expression with the SEM are reported. average vaiues of luciferase 

According to Table 20. it can be seen that relative to the control group, where DNA is 
injected without subsequent application of an electric field: 

• gene transfer is increased in a manner that is dependent on the applied voltage of 200 to 400 
volts/cm until it reaches a plateau corresponding to the maximum transection obtained, 

starting at 500 volts/cm; 

• at higher voltages (600 and 800 volts/cm), cutaneous or deeper bums were obtained, 
respectively; however, transgene expression was not decreased. 
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• -plito,™ o, s „a War e , Klromnsfer WM „„ ^ ^ of ^ m 3a 

was ^ by . fac , or „ „ „ 23 . fold ^ ^ 
from 400 to 600 volts/cm. 7 



10 Table 21: 



15 



Electrotrans fer into a h uman colon ade nocarcinoma tumor 
RLU/tumor 



Volt/cm 


Average 


SEM~ 


0 


4 043 062 


1 827 237 


400 


16 037 136 


5 420 572 


500 


14 096 640 


7 629 212 


600 


24 223 872 


9 217 062 



338 311 



expression wiu, .he SEM are ZSdT. t 1 ^ Avm * e "*« =» 



30 to 70-fold, regardless of the voltage applied. 



WO 99/01175 

PCT/EP98/03976 

60 



Table 22: 



Electrotransfer into a m urine fibrosar coma tumor. 

R-LU/tumor 




tensuy of 500 vol G/cm gene ^ a ^ Qf 



Table 23 




target y^zS^^^^tJ 16 ^ that had reached the 

with the SEM are reported. U6 miCe ' Avera S e val "es of luciferase expression 
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Table 24: 



Electrotransferof a murine lung carcinoma tumor 





W-U/tumor 


Volt/cm 


Average 


SEM 


0 


121 080 


37 322 


300 


3 715 877 


2 936 873 


500 


470 499 612 


237 588 443 


600 


53 275 350 


23 857 181 



luciferase expression with the SEM are reported Ce> Avera * e of 

or fold. These impressive results are related to the fact that these 
— ver.poorlv^^^ 

compared to the other tumors that were tested previous*. ^ctrotransfer 
15 results of this experiment are shown in Table 25. 



Table 25: 




20 ^S^^ 

of ludf erase expnsioa wilh .hS ^ 1!^ 4 i™* nUde Avera 8 e 

s eAPmplasma8f , er ^ fecdonofi _ KBsmdere|Mfercondj ^ 
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- . ta*.*^ geM , such „ GM . CSF _ ^ n iumoi5 . 

™ t^ed a to ve. S „ „ , ^ 

5 the «*. SeAP suggest „ e.ec,^,,.^ ^ _ 

would also be an effective tumor g e „e ttaapy. W 

with a Itkdy optimum of 500 V/cm ± 10% (i.e., 450-550 V/cm). 



^^'^^-.obelim,^ 
ete n .^. v ^^ ctteof ^^^ m ^ donro ^^ ^ 

^^•^»^tatU,ba S esizaso t ™ 0 acid s i 2 es.^ li , nx , l e QlJ „ 

provided for description. 

Various publications axe cited herein, the disclosures of which are ^orporated by 
20 reference in their entireties. 7 
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WHAT IS CLAIMED IS: 

1- Asystemfor v,vc nucleic acid transfer into cells of multicellular, v 
betw^n 1 and 600 volts/cm, comprising- ^ ° f """^ ™^ 

1 0 Th» osallaung bipolar waves of limited duration 

W. The system according to claim 1 ^ • u "urauon. 

to cjaim 1 , wherein the electrical pulse generator 
wave pulses. generator produces square- 
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12. The system according to claim 1 , wherein an electee is an internal eJectnxle 

implantable in a tissue to be treated. 

13. T»« ^ ^g m cto Si whefein m elecimde . ^ eTOraj 
p,»_ . Iissue l0 ta lrMted . ^ „ ^ . m mcnai e]eeirode 

5 tissue to be treated. 

». H» sysKn, .ccorAng ,„ da™ 13, wh^in fc «*,,„,„, e lectrod , „ „ 
comae, „ « ^ of , su6jKE ^ jn ^ ^ ^ ^ ^ 

15. T* ^.em acting t0 cUm u , ^ ^ 

.0 !ys,em ^ 10 claim H whmin e ^ * - s «*-~ 

placement on the tissue to be treated. 

20 Tha ays,™ acting (o cl, lm , . whereil ta elscln>le fe , ^ 
21 . An .mp^ved ,ppa„ tus , or „ vlVo nndeic , dd ^ ^ ^ ^ 
eu^o-ic o,ga* sm , „ hcreto appmms mm fof ^ 

20 «-.* n * lr| «,. takMlllllliiiji 

_ snt compris5s ^ ^ means (or general „ elearic puke „ produce 
«* of to , milliseco „ d „ d 0( ^ rmgins ^ ; ^ mo 

frequency of between 0.1 and 1,000 Hz. 

22- ^PP-usofdai.2^^^^ 

25 pulses of intensity ranging between 1 and 400 volts/cm. 

23. The apparatus of claim 21 , which is a flexible catheter apparatus 

24. me apparatus of claim 21, which is an apparatus for implanting nucleic acids into 
tissues by a tissue penetrating electrode. 

25. ^'P^on^.^^^^^^^ 

2. ™-PP-.-of=l» im 2,.„hich i s m . p pa raM(or ^ fe ™ gnude , C!ddsiiitt) 

of a surface tissue of a subject. 

27. Tne apparatus of claim 21. wherein the means for generating an electric pulse is adapted 
to produce pulses ranging between 1 and 600 volts/cm by modifying the voltage gate not to 
exceed a voltage corresponding to 600 volts/cm. 



WO 99/01175 

PCJ7EP98/03976 

65 

28. The apparatus of claim 27 wherpin »h- . 

»■ llK, n , «*»«°f<=Wm21..h«l„ lheinem!(or 

30. The apparatus according to claim 71 „h«, ■ u 
pulse produce, pulse of ^^,1 

P ^^ty ranging between 30 and 300 volts/cm 
Ji. Jne apparatus according to claim ?i „ v, • , 

■»*. Produces , p„ lse „ ' , 11,8 *»""*«*« - —tal 

33. The apparatus according to claim PI ■ , 

P^c ^ 2 md , S 000 7^ 21 - *™ *• — '°~ s Melectdcll 

pip^i:~:rcr m2i '" heren "^ f "-----. 

» ■« u °" >o, — °< to,,,.. rt osdI , aling blpolar wjves of 

36. The apparatus according to claim ?1 „k • , 

pu*e produces squ „. wave puJ ^ 2 '- *~ — P,^ . e,^, 

37. The apparatus according to claim o\ u ■ 

g cla™ 21 , where, the electrode is a stainless steel el ectrod . 
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Figure 2a 
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figure 2b 



4 / 20 

SUBSTITUTE SHEET ( rule 26 ) 



WO 99/01175 

PCT/EP98/03976 



3 



5.2 



N 



■o .2 
■S S 

"g * 

c _ 

s 

H 

« Z 

4> Q 

«*. 32 
° E 
8 3 

"3 © +l 

•= <= s 

<y S > w 

0 S g " 

W5 4, 41 

1 5 S .a 
a o « £ 

ox ^ ^ 

E -a .5 < 




o 



to 
a? 
jo 



O ©00 
OlQ W 

*~ E o 

o © 

o a> w 

0»-| E 

SSI 5 

o 8-S 

o 8 a 

«N E ]§ 
o 

o E 
o 



o o 

o o 

o o 

* * 

o o 

o o 

o o 

o" o 

o o 

O t- 



o o o o o o 

o o o o o o 

o o o o o 

o o" O* O* T-* 

O O O -r- 

O O T- 

Cf r-~ 



o 

"C 
0) 



Figure 3a 
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Figure 4b 
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Figure 5: Effectiveness of electrotransfection of plasmid 
P xl 2774 in cranial tibial muscle of the mouse 
at low electric field intensities. Mean values ± SEM. 

Luciferase expression in relation to the mean value of 
the control group (DNA alone) which was standardized 
at 1. 
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Figure 5 
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figure 6 
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figure 8 
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Figure 9 
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Figure 10 
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Figure 1 1 
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Figure 12 
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FIGURE 13 
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FIGURE 14 
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Figure 15 
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